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(54) Top-8oaded inonopole antenrea apparatus with short-circtsft condisctor connected between 
top-loading electrode and grounding conductor 



(57) A top-loaded monopole antenna apparatus 
having a feeding point is provided for use In a commu- 
nication system such as a mobile communication sys- 
tem or the like. The top-loaded monopole antenna ap- 
paratus includes a grounding conductor, a top-loading 
electrode, a linear conductor element, and a short-cir- 
cuit conductor. The top-loading electrode is provided so 
as to oppose to the grounding conductor. Thellnear con- 
ductor element electrically connects the feeding point 
with the top-loading electrode, and the short-circuit con- 
ductor electrically connects the top-loading electrode 
through a reactive element to the grounding conductor. 
This structure leads to a height lower than that of prior 
art, and easy impedance matching. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 5 

[0001] The present invention relates to a top-loading 
monopole antenna apparatus for use in a communica- 
tion system such as a mobile communication system or 
the like, and also relates to a communication system and 
a mobile communication system each system having 
the same top-loading monopole antenna apparatus. In 
particular, the present invention relates to a top-loading 
monopole antenna apparatus including a short-circuit 
conductor electrically connected through a reactive el- 
ement between atop-loading electrode and a grounding 
conductor, and also relates to a communication system 
and a mobile communication system each system hav- 
ing the same top-loading monopole antenna apparatus. 

2. DESCRIPTION OF THE RELATED ART 

[0002] A top-loading monopole antenna apparatus 
has been widely and generally used as an antenna for 
use In a vehicle. The top-loading monopole antenna ap- 
paratus generally includes a linear antenna element, 
and the length thereof Is often set to 1/4 wavelength or 
3/4 wavelength. In the case of a frequency of 900 MHz 
for use In portable telephones, the 1/4 wavelength is 83 
mm, and the 3/4 wavelength is 249 mm, then the size 
thereof is too targe as an antenna apparatus v^ic^ is 
placed on a roof of a vehicle or on the inside of the ve- 
hicle. Accordingly, there has been a top-loading monop- 
ole antenna apparatus as a low-profile monopole anten- 
na apparatus. 

[0003] Rg. 39 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus of a 
prior art. The top-loading monopole antenna apparatus 
Is constituted by Including the following: 

(a) a circular flat-plate-shaped top-loading elec- 
trode 11 (hereinafter referred to as an electrode 11); 

(b) a circular flat-plate-shaped grounding conductor 
14 that is provided so as to oppose to the electrode 
11 and has a feeding point 35 in the center thereof ; 
and 

(c) a linear conductor element 12 that electrically 
connects the center of the electrode 11 with the 
feeding point 35; and 

(d) a short-circuit conductor 13 that electrically con- 
nects a point on the electrode 11 different from the 
center of the electrode 11 with the grounding con- 
ductor 1 4, 

[0004] In this case, a central conductor of a coaxial 
cable 30 for feeding electric power or transmitting a RF 
signal is electrically connected with the feeding point 35, 
and a grounding conductor of the coaxial cable 3D is 



electrically connected with the grounding conductor 14. 
[0005] The top-loading monopole gmtenna apparatus 
of the prior art is constituted by connecting the circular 
flat-plate-shaped electrode 1 1 with atop portion of a top- 
loading monopole antenna apparatus. By employing the 
circular flat-plate-shaped electrode 11. the top-loading 
monopole antenna apparatus, for which a height of 63 
mm was required at 1/4* wavelength In the case of a fre- 
quency of 900 MHz, is allowed to have a low*profile con- 
figuration of a height of 30 to 40 mm. 
[0006] Next, problems of the prior art, which is at- 
tempted to be solved by the present Invention, will be 
described hereinbelow. 

[0007] A first problem relates to impedance matching 
between the antenna apparatus and the coaxial cables 
30 for feeding electric power or transmitting a RF signal. 
When the number of the short-circuit conductors 13 Is 
Increased, the top-loading monopole antenna appara- 
tus can control the input impedance of the antenna ap- 
paratus, however, this leads to such a problem that the 
resonance frequency of the antenna apparatus, and 
then, failing in achieving impedance matching at a lower 
frequency. 

[0008] A second problem relates to the size of the cir- 
cular flat-plate-shaped electrode 11. if the top-loading 
monopole antenna apparatus is made to have a iow- 
profile configuration, then the size of the circular flat- 
plate-shaped electrode 11 is required to be Increased. 
This is undesirable from the viewpoint of size reduction. 
The reason for the necessity for increasing the size of 
the circular flat-plate-shaped electrode 11 will be de- 
scribed hereinbelow with reference to Rg. 40, which is 
a longitudinal sectional view showing currents flowing 
in the top-loading monopole antenna apparatus of Fig. 
39. 

[0009] Referring to Fig. 40 showing the top-loading 
monopole antenna apparatus, a current 21 flows in the 
linear conductor element 12 from the linear conductor 
element 12 toward the circular flat-plate-shaped elec- 
trode 11, the current 21 flows in the electrode 11 from 
the center portion thereof toward the edge portion there- 
of as indicated by the current 22 so as to be parallel to 
the grounding conductor 14. In this case, the electric 
field distribution of the antenna apparatus can be con- 
sidered as a sum of electric fields caused by the current 
21 , the cunent 22 and an image current 23 reverse to 
the current 22. The image current 23 is not an actually 
existing current but a current for obtaining an equivalent 
electric field distribution assuming that the grounding 
conductor 14 does not exist therein. In this case, a dis- 
tance between the current 22 and the Image current 23 
is double the distance between the circular flat-plate- 
shaped electrode 11 and the grounding conductor 14. 
That is, It can be assumed that the image current 23 
corresponding to the current 22 flows axisymmetricaily 
with respect to the grounding conductor 14. 
[001 0] Making the top-loading monopole antenna ap- 
paratus have a low profile is to shorten the distance be- 
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tw&en the circularflat-plate-shaped electrode 1 1 andthe 
grounding conductor 14. At this time, the distance be- 
tween the current 22 and image current 23 is also short- 
ened. The electric field caused by the current 22 and the 
electric field caused by the image current 23 are reverse 5 
to each other, and therefore, mutually canceling electric 
fields Increase as the distance decreases. Due to com- 
pensation for the canceled electric fie Ids, the current 21 
flowing in the linear conductor element 12 and the cur- 
rent 22 flowing In the circular flat-plate-shaped electrode 
11 increase. In this case, in order to maintain the input 
Impedance constant, It is necessary to provide an in- 
crease in the resistance component for the increase in 
the current. Therefore, to increase the resistance com- 
ponent, the size of the circular flat-plate-shaped elec- 
trode 1 1 is increased. 

[0011] A third problem relates to the usable band. If 
the height of the antenna apparatus Is lowered, then the 
bandwidth is narrowed. There is such a problem that the 
bandwidth used by the application to use the antenna 
apparatus is predetermined, and this lead to a limitation 
on the height lowered. 

[0012] A fourth problem relates to providing an anten- 
na apparatus in a vehicle. An antenna apparatus pro- 
vided In a vehicle should preferably have, In particular, 
a compact configuration. If an ordinary top-loading mo- 
nopole antenna apparatus is made to have a low-profile 
antenna configuration as described above, then the size 
of the circular flat-plate-shaped electrode 11 increases, 
and the required size of the grounding conductor 1 4 also 
increases. It is often the case where sufficient size of 
the grounding conductor 1 cannot be secured in a vehi- 
cle, and accordingly, there is also a limitation on the 
height of the antenna apparatus made to have a low- 
profile configuration. The height of the top-loading mo- 
nopole antenna apparatus of the prior art becomes 30 
to 40 mm due to restriction on the size of the grounding 
conductor 14, and it has been unsuitable for use In a 
vehicle. 

SUMMARY OF THE INVENTION 

[0013] An essential object of the present invention is 
therefore to solve the above-mentioned problems, and 
to provide a top-loading monopole antenna apparatus, 
capable of being constituted with a height lower than 
that of the prior art, capable of achieving easy imped- 
ance matching, and also to provide a communication 
system or a mobile communication system provided 
with the top-loading monopole antenna apparatus. 
[0014] Another object of the present invention is to 
solve the above-mentioned problems and provide atop- 
loading monopole antenna apparatus, capable of being 
constituted with a height lower than that of the prior art, 
capable of preventing increase in the size of the top- 
loading electrode, and also to provide a communication 
system or a mobile communication system provided 
with the top-loading monopole antenna apparatus. 



[0015] Further, a further object of the present inven- 
tion is to solve the above-mentioned problems and pro- 
vide a top-loading monopole antenna apparatus, capa- 
ble of being constituted with a height lower than that of 
the prior art, capable of having a wider bandwidth, and 
also to provide a communication system or a mobile 
communication system provided with the top-loading 
monopole antenna apparatus. 

[0016] Furthermore, a still further object of the present 
Invention is to solve the above-mentioned problems and 
provide a top-loading monopole antenna apparatus, ca- 
pable of being reduced in size and weight further than 
those of the prior art, being suitable for installing the 
same antenna apparatus in a mobile body, and also to 
provide a communication system or a mobile communi- 
cation system provided with the top-loading monopole 
antenna apparatus. 

[0017] In order to achieve the above-mentioned ob- 
jective, according to one aspect of the present invention, 
there is provided a top-loading monopole antenna ap- 
paratus having a feeding point. The top-loading monop- 
ole antenna apparatus includes a grounding conductor, 
atop-loading electrode, a linear conductor element, and 
a short-circuit conductor. The top-loading electrode is 
provided so as to oppose to the grounding conductor, 
the linear conductor element electrically connects the 
feeding point with the top-loading electrode, and a short- 
circuit conductor electrically connects the top-loading 
electrode through a first reactive element. 
[0013] According to another aspect of the present in- 
vention, there is provided a top-loading monopole an- 
tenna apparatus having a feeding point. The top-loading 
monopole antenna apparatus includes a grounding con- 
ductor, a top-loading electrode, a linear conductor ele- 
ment, and a short-circuit conductor The top-loading 
electrode is provided so as to oppose to the grounding 
conductor, the linear conductor element electrically con- 
nects the feeding point through a second reactive ele- 
ment with the top-loading electrode, and ttie short-circuit 
conductor electrically conn^ts the top-loading elec- 
trode with the grounding conductor 
[001 9] According to a further aspect of the present in- 
vention, there is provided a top-loading monopole an- 
tenna apparatus having a feeding point. The top-loading 
monopole antenna apparatus includes a grounding con- 
ductor, a top-loading electrode, a linear conductor ele- 
ment, and a short-circuit conductor The top-loading 
electrode is provided so as to oppose to the grounding 
conductor, the short-circuit conductor electrically con- 
nects the top-loading electrode through a first reactive 
element with the grounding conductor, and the linear 
conductor element electrically connects the feeding 
point through a second reactive element with the top- 
loading electrode. 

[0020] In the above-mentioned top-loading monopole 
antenna apparatus, the grounding conductor preferably 
has a shape of circular flat plate. 
[0021 ] In the above-mentioned top-loading monopole 
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antenna apparatus, the top-loading electrode preferably 
has a shape of circular flat plate. 
[0022] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes a mova- 
ble further top-loading electrode movabiy provided so 5 
as to change an effective area of the top-loading elec- 
trode and the movable further top-loading electrode, 
and the movable further top-loading electrode is electri- 
cally connected with the top-loading electrode. 
[0023] The above-mentioned top-ioading monopole 
antenna apparatus preferably further includes a first 
short-circuit control conductor for electrically connecting 
an Intemnediate position located between both ends of 
the linear conductor element with the grounding conduc- 
tor. 

[0024] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes a second 
short-circuit control conductor for electrically connecting 
an intermediate position located between both ends of 
the short-circuit conductor with the grounding conduc- 
tor. 

[0025] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes a first 
parasitic element provided so as to be parallel to the 
linear conductor element and the short-circuit conduc- 
tor, and the first parasitic elenfient has one end electri- 
cally connected with the grounding conductor, 
[0026] The above-mentioned top-loading monopole 
antenna apparatus preferably further Includes a plurality 
of first parasitic elements provided so as to be paraiiel 
to the linear conductor element and the short-circuit con- 
ductor, and each of the first parasitic elements has one 
end electrically connected with the grounding conduc- 
tor, 

[0027] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes a second 
parasitic element provided at a position located apart by 
a predetermined distance from an outer edge portion of 
the top-loading electrode so that a part of the second 
parasitic element extends along the outer edge portion 
of the top-loading electrode, and one end of the second 
parasitic element is electrically connected with the 
grounding conductor. 

[0028] In the above-mentioned top-loading monopole 
antenna apparatus, the part of the second parasitic el- 
ement along the outer edge portion of the top-loading 
electrode preferably has a length of 1/4 wavelength at 
an operating center frequency of the top-loading mo- 
nopole antenna apparatus. 

[0029] The above-mentioned top-loading monopole 
antenna apparatus preferably further Includes a third 
parasitic element, and the third parasitic element is pro- 
vided at a position located apart by a predetermined dis- 
tance from an outer edge portion of the top-loading elec- 
trode so as to extend along the outer edge portion there- 
of. 

[0030] In the above-mentioned top-loadrng monopole 
antenna apparatus, the third parasitic element prefera- 



bly has a length of 1 12 wavelength at an operating center 
frequency of the top-loading monopole antenna appa* 
ratus. 

[0031] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes at least 
one set of a set of the plurality of second parasitic ele- 
ments, and a set of the plurality of third parasitic ele- 
ments. 

[0032] In the above-mentioned top-loading monopole 
antenna apparatus, at least one of the first reactive el- 
^ent and the second reactive element preferably In- 
cludes a variable capacitance diode, and the top-load- 
ing monopole antenna apparatus further includes a volt- 
age control circuit for generating and applying a bias 
voltage to the variable capacitance diode. 
[0033] In the above-mentioned top-loading monopole 
antenna apparatus, at least one of the first reactive el- 
ement and the second reactive element preferably in- 
cludes a switching diode, and the top-loading monopole 
antenna apparatus further includes a voltage control cir- 
cuit for generating and applying a bias voltage to the 
switching diode. 

[0034] 1 n th e above-mentioned top-loading monopole 
antenna apparatus, the top-loading electrode preferably 
has a shape having a curved cross-section. 
[0035] According to a still further aspect of the present 
invention, there Is provided a communication system in- 
cluding a radio receiver, and the above-mentioned top- 
loading monopole antenna apparatus, where the top- 
loading monopole antenna apparatus is electrically con- 
nected with the radio receiver 

[0036] According to a still more further aspect of the 
present invention, there is provided a mobile communi- 
cation system including a radio receiver provided in a 
mobile body, and the top-loading monopole antenna ap- 
paratus, where the top-loading monopole antenna ap- 
paratus is provided on at least one of on the Inside and 
outside of the mobile body and is electrically connected 
with the radio receiver. 

[0037] In the above-mentioned mobile communica- 
tion system, when the top-loading monopole antenna 
apparatus is provided in the vicinity of either one of a 
front window and a rear window of the mobile body, the 
top-loading monopole antenna apparatus is preferably 
provided so that the short-circuit conductor of the top- 
loading monopole antenna apparatus is provided so as 
to get closer to the one of the front window and the rear 
window than the linear conductor element. 
[0036] The above-mentioned mobile communication 
system preferably includes two of the top-loading mo- 
nopole antenna apparatuses provided in the mobile 
body In this case, one of the top-loading monopole an- 
tenna apparatuses is provided so that the short-circuit 
conductor of the one monopole antenna apparatus gets 
closer to the front window than the linear conductor el- 
ement, and another one of the top-loading monopole an- 
tenna apparatus is provided so that the short-circuit con- 
ductor of another one of the top-loading monopole an- 
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tenna apparatus gets closer to the front window than the 
linear conductor element. 

[0039] The above-mentioned mobile communication 
system preferably includes four of the top-loading mo- 
nopole antenna apparatuses provided in the mobile 5 
body. In this case, two of the top-loading monopole an- 
tenna apparatuses are provided so that the short-circuit 
conductors of the two of monopole antenna apparatus- 
es get closer to the front window than the linear conduc- 
tor elements, respectrvely, and the other two of the top- 
loading monopole antenna apparatuses are provided so 
that the short-circuit conductors of the other two of the 
top-loading monopole antenna apparatuses get closer 
to the front window than the linear conductor elements, 
respectively. 

[0040] In the above-mentioned mobile communica- 
tion system, a recess portion preferably is fonned in the 
mobile body, and the top-loading monopole antenna ap- 
paratus is provided in the recess portion, where an 
opening of the recess portion is covered with a radome. 20 
[0041] According to still another aspect of the present 
invention, there is provided a top-loading monopole an- 
tenna apparatus having a feeding point including a first 
top-loading electrode, a linear feeding element, a sec- 
ond top-leading element, and a linear parasitic element. 23 
The first top-loading electrode is provided so as to op- 
pose to a grounding conductor, and the linear feeding 
element electrically connects the feeding point with the 
first top-loading electrode. The second top-loading elec- 
trode provided so as to oppose to the grounding con- 30 
ducton and the linear parasitic element electrically con- 
nects the feeding point with the second top-loading elec- 
trode. In this case, the first top-loading electrode and 
the second top-loading electrode are provided adjacent- 
ly so as to be electromagnetically coupled to each other, 35 
[0042] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes at least 
one reactive element Inserted at at least one of a con- 
nection point between the linear parasitic element and 
the first top-loading electrode and a connection point be- 40 
tween the linear parasitic element and the second top- 
loading electrode. 

[0043] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes a parasit- 
ic element having one end opened and another end ^5 
electrically connected with the grounding conductor. 
[0044] The above-mentioned top-ioading monopole 
antenna apparatus preferably further includes a short- 
circuit control element having one end electrically con- 
nected with the linearparasitic element and another end so 
electrically connected with the grounding conductor. 
[0045] The above-mentioned top-loading monopole 
antenna apparatus preferably further includes at least 
one further second top-loading electrode and at least 
one further linear parasitic element. At least one further ss 
second top-loading electrode is provided so as to op- 
pose to the grounding conductor, and at least one further 
linear parasitic element electrically connects the feeding 



point with the further second top-loading electrode. In 
this case, the first top-loading electrode and the further 
second top- loading electrode are provided adjacently so 
as to be electromagnetically coupled to each other. 
[0046] The above-mentioned top-loading monopole 
antenna apparatus, the first reactive element preferably 
includes any one of the following: (a) one capacitor, (b) 
one inductor, (c) a parallel circuit of a capacitor and an 
inductor, and (d) a series circuit of a capacitor and an 
inductor. 

[0047] The above-mentioned top-loading monopole 
antenna apparatus, the second reactive element pref- 
erably includes any one of the following: (a) one capac- 
itor, (b) one inductor, (c) a parallel circuit of a capacitor 
and an inductor, and (d) a series circuit of a capacitor 
and an inductor, 

[0048] The above-mentioned top-loading monopole 
antenna apparatus, the reactive element preferably in- 
cludes any one of the following: (a) one capacitor, (b) 
one inductor, (c) a parallel circurt of a capacitor and an 
Inductor, and (d) a series circuit of a capacitor and an 
inductor. 

[0049] According to a further aspect of the present in- 
vention, there is provided a conivnunication system in- 
cluding a radio receiver, and the above-mentioned top- 
loading monopole antenna apparatus. In this case, the 
top-loading monopole antenna apparatus is electrically 
connected with the radio receiver. 
[0050] According to a still further aspect of the present 
invention, there Is provided a mobile communication 
system including a radio receiver provided in a mobile 
body, and the above-mentioned top-loading monopole 
antenna apparatus. In this case, the top-loading monop- 
ole antenna apparatus Is provided on at least one of in- 
side and outside of the mobile body and is electrically 
connected with the radio receiver. 
[0051] In the above-mentioned mobile communica- 
tion system, the mobile body is preferably either one of 
a vehicle, a ship and an airplane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] These and other objects and features of the 
present invention will be clear from the following de- 
scription taken in conjunction with the preferred embod- 
iments thereof with reference to the accompanying 
drawings throughout which like parts are designated by 
like reference numerals, and in which: 

Fig. 1 A is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a first preferred embodiment of the present 
invention; 

Fig. 1 B is a schematic view showing a prototype or 
original antenna apparatus equivalent to the top- 
loading monopole antenna apparatus of Fig. 1A; 
Fig. 2 is a graph showing a frequency characteristic 
of the VSWR of the top-loading monopole antenna 
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apparatus of Fig. 1A; 

Fig. 3A is a Smith chart showing an impedance 

characteristic of a topHoading monopole antenna 

apparatus of frie prior art of Fig, 39; 

Fig. SB is a Smith chart showing an impedance 5 

characteristic of the top-loading monopole antenna 

apparatus of the first preferred ennbodiment of Fig. 

1A; 

Fig. 4 Is a perspective view showing a stajcture of 
a top-loading monopole antenna apparatus accord- io 
ing to a second preferred embodiment of the 
present Invention; 

Fig. 5 is a graph showing a frequency characteristtc 
of the VSWR of the top-loadtng monopole antenna 
apparatus of Fig. 4; 

Fig. 6 is a perspective v!ew showing a structure of 
a top-loading monopole antenna apparatus accord- 
ing to a third preferred embodiment of the present 
invention; 

Fig. 7 is a perspecth^e view showing a structure of 20 
atop-loading monopole antenna apparatus accord- 
ing to a first modified preferred embodiment of the 
third preferred embodiment of the present inven- 
tion; 

Fig. 8 is a perspective view showing a stmcture of 25 
atop-loading monopole antenna apparatus accord- 
ing to a second modified preferred embodiment of 
the third preferred embodiment of the present in- 
vention; 

Fig. 9 is a perspective view showing a stmcture of 30 
atop-loading monopole antenna apparatus accord- 
ing to a fourth preferred embodiment of the present 
Invention; 

Fig. 1 0 is a perspective view showing a structure of 
a top-loading monopole antenna apparatus accord- ss 
ing to a modified preferred enribodiment of the fourth 
preferred embodiment of the present invention; 
Fig. 11 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a fifth preferred embodiment of the present 40 
invention; 

Fig. 12 is a perspective view showing a structure of 
a top-loading monopole antenna apparatus accord- 
ing to a first modified preferred embodiment of the 
fifth preferred embodiment of the present invention; ^5 
Fig. 1 3 is a perspective view showing a structure of 
a top-loading monopole antenna apparatus accord- 
ing to a second modified preferred embodiment of 
the fifth preferred embodiment of the present inven- 
tion; 50 
Fig. 1 4 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a sixth preferred embodiment of the present 
Invention; 

Fig. 1 5 is a perspective view showing a structure of ss 
a top-loading monopole antenna apparatus accord- 
ing to a modified preferred embodiment of the sixth 
preferred embodiment of the present invention; 



Fig. 1 6 is a perspective view showing a structure of 
a top-loading monopole antenna apparatus accord- 
ing to a seventh preferred embodiment of the 
present Invention; 

Fig. 1 7 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a modified preferred embodiment of the sev- 
enth prefen-ed embodiment of the present inven- 
tion; 

Fig. 1 8 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to an eighth preferred embodiment of the 
present invention; 

Fig. 1 9 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a ninth preferred embodiment of the present 
invention; 

Fig. 20 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a tenth preferred embodiment of the present 
invention; 

Fig. 21 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a modified preferred embodiment of the tenth 
preferred embodiment of the present invention; 
Rg. 22 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to an eleventh preferred embodiment of the 
present invention; 

Fig. 23 is a longitudinal sectional view showing a 
structure of a top-loading monopole antenna appa- 
ratus according to a modified preferred embodi- 
ment of the eleventh preferred embodiment of the 
present invention; 

Fig. 24 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a twelfth preferred embodiment of the present 

invention; 

Fig. 25 Is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 
ing to a first modified preferred embodiment of the 
twelfth preferred embodiment of the present inven- 
tion; 

Fig. 26 is a perspective view showing a structure of 
a top-loading monopole antenna apparatus accord- 
ing to a second modified preferred embodiment of 
the twelfth preferred embodimerrt of the present in- 
vention; 

Fig. 27 is a perspective view showing a structure of 
a mobile communication system according to a thir- 
teenth preferred embodiment of the present inven- 
tion; 

Fig, 28 Is a perspective view showing a structure of 
a mobile communication system according to a first 
modified prefen-ed embodiment of the thirteenth 
preferred embodiment of tiie present invention; 
Fig. 29 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus in a mo- 
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bile communication systenn according to a second 
nnodlfled preferred embodiment of the thirteenth 
preferred embodiment of the present invention; 
Fig. 30 is a perspective view showing a structure of 
a mobile communication system according to a third s 
modified preferred embodiment of the thirteenth 
preferred embodiment of the present invention; 
Rg. 31 is a Smith chart showing an Impedance 
characteristic of the top-loading monopole antenna 
apparatus of the prior art of Fig. 39; io 
Fig. 32 is a graph showing a frequency character- 
istic of VS WR of the top-loading monopole antenna 
apparatus of the prior art of Fig. 39; 
Fig. 33 is a Smith chart showing an Impedance 
characteristic of a top-loading monopole antenna 
apparatus according to a first implemental example 
corresponding to the structure of the first preferred 
embodiment of Fig. 1A; 

Fig. 34 is a graph showing a frequency character- 
istic of the VSWR of the top-loading monopole an- 20 
tenna apparatus of the first implemental example 
corresponding to the structure of the first preferred 
embodiment of Fig. 1 A; 

Fig. 35 is a Smith chart showing an impedance 
characteristic of a top-loading monopole antenna 25 
apparatus according to a second implemental ex- 
ample corresponding to the structure of the first pre- 
ferred embodiment of Fig. 1A; 
Fig. 36 Is a graph showing a frequency character- 
istic of VSWR of the top-loading monopole antenna so 
apparatus of the second implemental example cor- 
responding to the structure of the first preferred em- 
bodiment of Fig. 1A; 

Fig. 37 is a Smith chart showing an impedance 
characteristic of a top-loading monopole antenna 35 
apparatus according to a third implemental exam- 
ple corresponding to the structure of the first pre- 
ferred embodiment of Fig. 1 A; 
Fig. 38 is a graph showing a frequency character- 
istic of VSWR of the top-loading monopole antenn a 40 
apparatus of the third implemental example corre- 
sponding to the structure of the first preferred em- 
bodiment of Fig. 1A; 

Fig. 39 is a perspective view showing a structure of 
atop-loading monopole antenna apparatus accord- 45 
ing to a prior art; 

Fig. 40 Is a longitudinal sectional view showing cur- 
rents flowing in the top-loading monopole antenna 
apparatus of Fig. 39; 

Fig. 41 A is a schematic view of the prototype or orig- so 
inal antenna apparatus of Fig. 1 A having a structure 
shown in Fig. IB; 

Fig. 41 B is a schematic view of an antenna appa- 
ratus equivalent to the antenna apparatus of Fig. 
41 A; 55 
Fig. 42A is a schematic view of an antenna appa- 
ratus equivalent to the antenna apparatus of Fig. 
41 B; 



Fig. 428 is a longitudinal sectional view of mutually 
adjacent position between two electrodes 41 1 and 
412 of the antenna apparatus of Fig. 42A; 
Fig. 42C is a schematic view of an antenna appa- 
ratus equivalent to the antenna apparatus of Fig. 
42A; 

Rg. 42D is a schematic view of an antenna appa- 
ratus equivalent to the antenna apparatus of Fig. 
42C; 

Rg, 42E is a schematic view of an antenna appa- 
ratus equivalent to the antenna apparatus of Fig. 
42D; 

Fig. 42F is a schematic view of an antenna appara- 
tus equivalent to the antenna apparatus of Fig. 42E; 
Fig. 43 Is a graph showing changes In resonance 
frequencies fL and f^ when a capacitance value CI 
of a reactive element 31 of the top-loading monop- 
ole antenna apparatus of Fig. 1 A is changed; 
Fig. 44 is a graph showing changes in the reso- 
nance frequencies fi^ and 1^ when a capacitance 
value C2 of a reactive element 32 of the top-loading 
monopole antenna apparatus of Fig. 1 A Is changed; 
Fig. 46A is a schematic view of a top-loading mo- 
nopole antenna apparatus according to a four- 
teenth preferred embodiment of the present Inven- 
tion; 

Fig. 458 is a longitudinal sectional view of mutually 
adjacent position between two electrodes 411 and 
412 of the top-loading monopole antenna appara- 
tus of Fig. 45A; 

Fig. 46 Is a schematic view of a top-loading monop- 
ole antenna apparatus according to a first modified 
preferred embodiment of the fourteenth preferred 
embodiment of the present invention; 
Fig. 47 is a schematic view of a top-loading monop- 
ole antenna apparatus according to a second mod- 
ified preferred embodiment of the fourteenth pre- 
ferred embodiment of the present Invention; 
Fig. 48 Is a schematic view of a top-loading monop- 
ole antenna apparatus according to a third modified 
preferred embodiment of the fourteenth preferred 
embodiment of the present invention; 
Fig. 49 is a schematic view of a top-loading monop- 
ole antenna apparatus according to a fourth modi- 
fied preferred embodiment of the fourteenth pre- 
ferred embodiment of the present invention; 
Fig. 50A is a circuit diagram showing one capacitor 
C1 1 according to a first implemental example of the 
reactive elements 31 and 32; 
Fig. 508 is a circuit diagram showing one inductor 
L11 according to a second implemental example of 
the reactive elements 31 and 32; 
Fig. 50C is a circuit diagram showing a parallel cir- 
cuit of a capacitor C12 and an inductor LI 2 accord- 
ing to a third implemental example of the reactive 
elements 31 and 32; 

Fig. SOD is a circuit diagram showing a series circuit 
of a capacitor CI 3 and an inductor LI 3 according 
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to a fourth implemental example of the reactive el- 
ements 31 and 32; 

Fig. 51 is a perspective view showing a staicture of 
a mobOe communication system according to a 
fourth modified prefenred embodiment of the thir- 
teenth prefen-ed embodiment of the present Inven- 
tion; 

Fig. 52 is a perspective view showing a structure of 
a mobile communication system according to a fifth 
modified preferred embodiment of the thirteenth 
prefenred embodiment of the present Invention; and 
Rg. 53 is a perspective view showing a structure of 
a mobile communication system according to a 
sixth modified preferred embodiment of the thir- 
teenth preferred embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] Preferred embodiments of the present inven- 
tion win be described below with reference to the draw- 
ings. It is to be noted that similar components are de- 
noted by the same reference numerals in the drawings, 
respectively. 

FIRST PREFERRED EMBODIMENT 

[0054] Rg. 1 A is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to the first preferred embodiment of the present 
Invention, and Fig. IB is a schematic view showing a 
prototype or original antenna apparatus equivalent to 
the top-loading monopole antenna apparatus of Fig. 1 A. 
The top-loading monopole antenna apparatus of the first 
preferred embodiment provides means for solving the 
first problem concerning the above-mentioned imped- 
ance matching, and the structure of the present antenna 
apparatus will be described hereinbelow with reference 
to Figs. lAand IB. 

[0055] The top-loading nwnopole anten na apparatus 
of the first preferred embodiment shown in Fig. 1A is 
characterized in being different from the top-loading mo- 
nopole antenna apparatus of the prior art shown in Fig. 
39 at the following points. 

(1) One end of the linear conductor element 12 on 
the side of a top-loading el«::trode 11 (hereinafter 
refen-ed to as an electrode 1 1 in a manner similar 
to that of the prior art) is eiectricalty connected with 
the electrode 11 through a reactive element 13. In 
concrete, as shown in Rg. 1A, a circular hole is 
formed in the center of the electrode 11 . The one 
end of the linear conductor element 1 2 on the side 
of the electrode 1 1 1s electrically connected with one 
end of the reacth/e element 31, and another end 
thereof Is electrically connected with the electrode 
11. 



(2) One end of the reactive element 13 on the side 
of the electrode 1 1 is electrically connected with the 
electrode 11 through a reactive element 32. In con- 
crete, as shown in Fig, 1A, a circular hole isfonmed 
s at a position located apart from the center of the 
electrode 11. The one end of the reactive element 

1 3 on the side of the electrode 1 1 is electrically con- 
nected with one end of the reactive element 32, and 
another end thereof is electrically connected with 

10 the electrode 11 . 

[0056] Refen-ing to Fig. 1 A, the top-loading monopole 
antenna apparatus of the present preferred embodi- 
ment is constituted by comprising 

15 

(a) the circular flat-plate-shaped electrode 11 for 
providing top-loading; 

(b) a circularflat-plate-shaped grounding conductor 

14 provided so as to oppose to the electrode 11 and 
20 having a feeding point 35 in the center thereof; 

(c) a linear conductor element 12 that electrically 
connects the center of the electrode 11 with the 
feeding point 35 through the reactive element 31 ; 
and 

25 (d) a short-circuit conductor 1 3 that electrically con- 
nects a point on the electrode 11 different from the 
center of the electrode 11 with the grounding con- 
ductor 14 through the reactive element 32. 

30 [0057] In this case, a central conductor of a coaxial 
cable 30 for feeding electric power or transmitting a RF 
signal is electrically connected with the feeding point 35, 
and a grounding conductor of the coaxial cable 30 is 
electrically connected with the grounding conductor 14. 

35 The longitudinal direction of the linear conductor ele- 
rnent 1 2 and the short-circuit conductor 1 3 is perpendlc- 
ularto the flat-plate surfaces of the grounding conductor 
14 and the electrode 1 1 . 

[0058] In the present preferred embodiment, since the 

40 electrode 11 is electrically connected through the reac- 
tive element 32, the electrical radius of the electrode 11 
is changed by the reactance of the reactive element 32, 
and becomes equal to 1/4 wavelength to 1/6 wave- 
length. Moreover, the electrical radius of the grounding 

45 conductor 1 4 is preferably set to 1/2 wavelength or loner. 
Furthemnore, the length of the linear conductor element 
12 and the short-circuit conductor 13, I.e., the height of 
the antenna apparatus is 1/4 wavelength in the prior art, 
whereas the length is 1/8 wavelength to 1/10 wave- 

50 length in the preferred embodiment it Is to be noted that 
one wavelength is a length corresponding to the oper- 
ating center frequency at which the present antenna ap- 
paratus operates in the present preferred embodiment 
and various preferred embodiments and modified pre- 

55 ferred embodiments which will be described later. 

[0059] The principle of operation of the top-loading 
monopole antenna apparatus of Figs. 1 A and 1 B con- 
stituted as above will be described below with reference 
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to Figs. 41 and 42. Fig. 41 A is a schematic view of the 
prototype or original antenna apparatus of Fig. 1 A hav- 
ing a structure shown in Fig. 1 B, and Fig. 41 B is a sche- 
matic view of an antenna apparatus equivalent to the 
antenna apparatus of Fig. 41 A. 

[0060] Referring to Figs. 1 B and 41 A, the prototype of 
the top-ioading monopole antenna apparatus of Fig. 1 A 
is constituted by comprising a radiator 401 of a half- 
wavelength dipole antenna element excited by a RF sig- 
nal from a signal source 400 of a transmitter and a wave 
director 402 located apart by a distance D1 . In this case, 
it Is assumed that the resonance frequency of the radi- 
ator 401 is F1 and the resonance frequency of the wave 
director 402 is F2- It is known that, when the value of 
the distance D1 Is variously changed, the gain of the 
antenna apparatus becomes maximized, for example, 
for D1 =^0.1 5 X to 0.25X, and further, for D1 0.05X. to 
0.1 X, the antenna apparatus has two resonance fre- 
quencies, and the Input impedance of the antenna ap- 
paratus becomes an optimum value (e.g., 50 £2). 
[0061 1 Fig. 42A is a schematic view of an antenna ap- 
paratus equivalent to the anten na apparatus of Fig, 41 B. 
Fig. 428 is a longitudinal sectional view of mutually ad- 
jacent position between two electrodes 411 and 412 in 
the antenna apparatus of Fig. 42A. Fig. 42C is a sche- 
matic view of an antenna apparatus equivalent to the 
antenna apparatus of Fig. 42A. Fig. 42D is a schematic 
view of an antenna apparatus equivalent to the antenna 
apparatus of Fig. 42C. Fig. 42E is a schematic view of 
an antenna apparatus equivalent to the antenna appa- 
ratus of Rg. 42D. Fig. 42F is a schematic view of an 
antenna apparatus equivalent to the antenna apparatus 
of Rg. 42E. Hereinafter, Fig, 41 A is assumed as a pro- 
totype or original antenna apparatus, and it will be de- 
scribed that the top-loading monopole antenna appara- 
tus of Fig. 1 A can be obtained by substitutional trans- 
formation of the antenna apparatus into the equivalent 
models of Fig. 42F through Rg. 418 and Figs. 42A to 
42E. 

[0062] Fig, 41 8 shows an antenna apparatus when 
the balanced type Yagi antenna of Fig. 41 A is expressed 
by an unbalanced type equivalent model having a 
grounding conductor (grounding plate), and the antenna 
apparatus of Fig. 41 8 is constituted by comprising a ra- 
diator element 401a having a resonance frequency F1 
and a wave director element 402a having a resonance 
frequency F2. In this case, if an image is conversely con- 
sidered by assuming the grounding conductor as an axis 
of symmetry in the antenna apparatus of Fig. 41 B, then 
the antenna apparatus of Fig. 41 A can be obtained. 
[0063] Next, the antenna apparatus of Fig. 42A is ob- 
tained by adding an electrode 411 to the tip of the radi- 
ator element 401 a that is a linear conductor element in 
the antenna apparatus of Fig. 41 B and adding an elec- 
trode 412 to the tip of the wave director element 402a 
that Is a linear conductor element, making these elec- 
trodes 411 and 412 serve as top-loading elements. In 
this case, a longitudinal sectional view of mutually adja- 



cent position between the electrodes 41 1 and 412 of the 
top-loading elements is shown in Fig. 428. In Fig. 428, 
"S" represents an interval in the vertical direction be^ 
tween the two electrodes 411 and 412, and "g" repre- 

5 sents a length of an overlapped portion In the horizontal 
direction between the two electrodes 411 and 412. As 
is apparent from Figs. 42A and 428, by changing the 
interval "S" and the length "g" of the overiapped portion, 
electromagnetic coupling between the radiator element 

10 401a and the wave director element 402a can be ad- 
justed. 

[0064] Next, refemng to Fig. 42C, if the interval "S" 
approaches zero and finally being that "S" = 0, then 
there is one electrode 41 3 constituted by comprising the 

15 two top-loading electrodes 411 and 412. In this case, 
when the two electrodes 41 1 and 412 are constituted by 
comprising one electrode 11 as shown in Figs. 42D and 
42E, it is necessary to adjust Influence of the electro- 
magnetic coupling between the two electrodes 411 and 

20 412 in the top-ioading section exerted on the factor of 
the radiator element 401a and the factor of the wave 
director element 402a by the reactive elements 31 and 
32. Therefore, in Figs. 42D, 42E and 42F, the reactive 
element 31 Is inserted between the tip of the radiator 

25 element 401a and the electrode 413 or 11 , and the re- 
active element 32 is inserted between the tip of the wave 
director element 402a and the electrode 413 or 11. 
Moreover, a gourd-shaped electrode 413 as shown in 
Fig. 42D Is changed into a circular electrode 11 as 

30 shown in Fig. 42E. By executing model transformation 
of the antenna apparatus as described above, the top- 
loading monopole antenna apparatus shown in Figs, 
42F and 1 A can be obtained. It is to be noted that the 
grounding conductor 14 has a finite size in Figs. 42F 

35 and 1A. 

[0065] As described above, the schematic views of 
the antennas of Figs. 41 A, 418, 42A, 428, 42C. 42D, 
42E and 42F show replacement of the antenna appara- 
tuses with the equivalent models. It can be understood 

40 from these results that the antenna apparatus of the first 
preferred embodiment of the present invention of Fig. 
1 A is equivalent to the prototype or original antenna ap- 
paratus of Fig. IB, and utilizes the resonance frequen- 
cies F1 and F2 of the two top-loading monopole antenna 

^5 elements. 

[0066] Fig. 2 is a graph showing a frequency charac- 
teristic of the voltage standing wave ratio (hereinafter 
refen-ed to as VSWR) of the top-loading monopole an- 
tenna apparatus of Fig. 1 A. In this case, when the an- 

50 tenna apparatus has two resonance frequencies f|_ and 
f^ (fH > fjj the two resonance frequencies f|_ and 1^ are 
located at the respective bottom points of two curve por- 
tions (local minimum points) when the VSWR draws 
downward cun/es as shown in Fig. 2. 

55 [0067] In the present preferred embodiment, imped- 
ance matching between the coaxial cable 30 for feeding 
electric power or transmitting a RF signal, and the an- 
tenna apparatus is determined by a relationship be- 



SDOCtO: <EP. 



.137221 BA^L> 



BNS page 9 



17 



EP 1 372 216 A2 



18 



tween these two resonance frequencies and i^. That 
is, there Is the short-circuit conductor 1 3 in the top-load- 
ing monopole antenna apparatus of the prior art, how- 
ever, impedance matching can not be achieved with a 
low-profile configuration. This is because a frequency 
difference between the two resonance frequencies f^ 
and f|_ Is excessively large. In contrast to this, in the 
present preferred embodinnent, the two resonance fre- 
quencies fn and fL can be controlled by adding the re- 
active elements 31 and 32 and adjusting the respecth^e 
capacitance values thereof. 

[0068] Fig. 43 is a graph showing changes in the res- 
onance frequencies f|_ and fn when a capacitance value 
C1 of the reactive element 31 of the top-loading monop- 
ole antenna apparatus of Fig. 1 A is changed. Fig. 44 is 
a graph showing changes in the resonance frequencies 
fL and fn when a capacitance value C2 of the reactive 
element 32 of the top-loading monopole antenna appa- 
ratus of Fig. 1 A is changed. In this case, one capacitor 
is used as each of the reactive elements 31 and 32. The 
electrode 11 have a circular shape of a diameter of 50 
mm, and an antenna height from the grounding conduc- 
tor 14 to the electrode 11 is set to 30 mm. When the 
capacitance value C1 of the reactive element 31 is 
changed, the capacitance value C2 of the reactive ele- 
ment 32 is fixed to 1 pF. Further, when the capacitance 
value C2 of the reactive element 32 is changed, the ca- 
pacitance value C1 of the reactive element 31 is fixed 
to 0.5 pF. 

[0069] As is apparent from Fig. 43, it can be under- 
stood that the two resonance frequencies f^ and f|^ can 
be changed by changing the capacitance value C1 of 
the reactive element 31 . Moreover, as is apparent from 
Fig. 44. it can be understood that the resonance fre- 
quency f|_ on the side of the lower frequency can be 
changed by changing the capacitance value C2 of the 
reactive element 32. 

[0070] In the present preferred embodiment, imped- 
ance matching can be achieved by changing the reac- 
tance values of the reactive elements 31 and 32 so that 
a frequency interval between the two resonance fre- 
quencies f^ and fj_ becomes optimum. In this case, it is 
acceptable to connect only the reactive element 31 or 
connect only the reactive element 32. Furthermore, it is 
acceptable to connect both of the reactive element 31 
and the reactive element 32. When both of the reactive 
element 31 and the reactive element 32 are electrically 
connected therein and controlled, there is such a unique 
advantageous effect that impedance matching can be 
achieved more easily than when either one of them is 
adopted. 

[0071] Fig. 3A is a Smith chart showing an impedance 
characteristic of the top-loading monopole antenna ap- 
paratus of the prior art of Fig. 39. and Fig. 3B is a Smith 
chart showing an impedance characteristic of the top- 
loading monopole antenna apparatus of the first pre- 
ferred embodiment of Fig. 1 A. Both of the Smith charts 
show the impedance characteristics obtained by fre- 



quency sweep from 500 MHz to 1500 MHz. As is appar- 
ent from Figs. 3A and 3B. it can be understood that the 
frequency difference between the two resonance fre- 
quencies becomes reduced In the present preferred em- 

5 bodimentthan that In the prior art, in contrast to the prior 
art in which the frequency difference between the two 
resonance frequencies has a large separation. 
[0072] The second problem of the prior art concerning 
the increase in size of the clrculsir flat-plate-shaped 

10 electrode 1 1 can be solved by controlling the reactance 
values of the reactive element 31 and the reactive ele- 
ment 32 in a manner similar to that of the first problem, 
in order to solve the problem of the increase In size of 
the circular flat-plate-shaped electrode 11 , it is required 

15 that the resonance frequencies f h and f^ can be reduced 
unthout increasing the size of the circular flat-plate- 
shaped electrode 11 . According to the present preferred 
embodiment, by employing an inductor of an Inductive 
load as each of the reactive element 31 and the reactive 

20 element 32, both of the resonance frequencies fH and 
fi_ can be reduced without increasing the size of the elec- 
trode 11. 

[0073] In the above-mentioned preferred embodi- 
ment, each of the reactive elements 31 and 32 may be 

25 an inductor or a capacitor. Moreover, although the elec- 
trode 1 1 has a circular flat-plate-like shape, the present 
invention is not limited to this. The electrode 11 may 
have another flat plate-like shape of a rectangle, a pol- 
ygon, an ellipse or the like. In the case of the circular 

30 flat-plate-shaped electrode 11 , the directivity character- 
istic of the antenna apparatus is allowed to be planar- 
symmetric with respect to a virtual fomnation plane 
formed of the linear conductor element 12 and the short- 
circuit conductor 13. Further, in the antenna apparatus 

35 of the present preferred embodiment, the short-circuit 
conductor 1 3 operates as a wave director, and a relative 
gain in the direction toward the short-circuit conductor 
13 increases. However, by making the grounding con- 
ductor 14 have a circular shape, there is such a unique 

40 advantageous e^ect that constraint conditions in the di- 
rection In which the antenna apparatus Is provided can 
be reduced. These modified preferred embodiments as 
well as operation and advantageous effects are similar 
to those of the present preferred embodiment in the pre- 

45 ferred embodiments described hereinbelow. 

SECXJND PREFERRED EMBODIMENT 

[0074] Fig. 4isaperspectiveviewshow1ngastructure 
50 of a top-loading monopole antenna apparatus according 
to the second preferred embodiment of the present in- 
vention. The top-loading monopole antenna apparatus 
of the present preferred embodiment provides means 
for solving the above-mentioned third problem concem- 
55 ing the band. As shown in Rg. 4, the present preferred 
embodiment is characterized in that a parasitic element 
61 is provided at a predetermined distance from the 
electrode 11 without being in contact with the electrode 
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- 11 SO as to extend along an outer edge portion of the 
circular flat-plate-shaped electrode 11 so that predeter- 
mined electromagnetic field coupling is caused, as com- 
pared with the prior art of Fig. 39. In this case, one end 
of the parasitic element 61 is electrically connected with 5 
the grounding conductor 1 4, and the parasitic element 
61 then extends so as to be parallel to the linear con- 
ductor element 12. After the parasitic element 61 is bent 
partway in the length of the parasitic element 61, it is 
extended by a predetermined length around the circum- io 
ference of the electrode 1 1 along the outer edge portion 
of the circular flat-plate-shaped electrode 1 1 . 
[0075] Fig. 5 is a graph showing a frequency charac- 
teristic of the VSWR of the top-loading monopole anten- 
na apparatus of Fig. 4. In this case, the VSWR repre- 
sents an index that represents a ratio of electric power 
reflected from the antenna apparatus out of the electric 
power fed to the antenna apparatus according to the de- 
gree of impedance matching, as well known. When im- 
pedance matching is completely achieved, i.e., in the 20 
center position of the Smith chart, then VSWR = 1. In 
general, the frequency range, in which the VSWR is 
equal to or smaller than three, or the VSWR is equal to 
or smaller than two, is assumed to be the operating 
bandwidth of an antenna apparatus. A threshold value 25 
of the VSWR is determined according to the mobile 
communication system in which the antenna apparatus 
is employed. In this case, a freque ncy width in which the 
VSWR is equal to or smaller than three is assumed to 
be the operati ng bandwidth . so 
[0076] In Fig. 5, the characteristic 71 of the solid line 
shows the frequency characteristic of the VSWR In the 
absence of the parasitic element 61 (in the prior art), 
and the characteristic 72 of the dashed line shows the 
frequency characteristic of the VSWR In the presence 55 
of the parasitic element 61 (in the first preferred embod- 
iment). In this case, the frequency width In which the 
VSWR is equal to or smaller than three is the operating 
bandwidth. The bandwidth of the prior art In the absence 
of the parasitic element 61 is only the frequency band- -^o 
width in which the VSWR of the characteristic 71 is equal 
to or smaller than three. In this case, it Is assumed that 
the center frequency of the characteristic 71 is fO, and 
the frequency at which the VSWR of the characteristic 
71 Is three is f2. 45 
[0077] In this case, if the parasitic element 61 is added 
to the antenna apparatus of the prior art, then the para- 
sitic element 61 also operates as an antenna element. 
The parasitic element 61 is fed with electric power by 
an induced current flowing in the parasitic element 61 so 
due to change of electromagnetic field generated by ex- 
citation of the circular flat-plate-shaped electrode 11. 
Then, at the designing stage of an antenna element con- 
stituted by comprising only the parasitic element 61 , the 
designing is carried out so that the frequency at which ss 
the VSWR Is three becomes f2. Therefore, with the par- 
asitic element 61 added, the operating bandwidth of the 
antenna apparatus becomes a wider bandwidth in which 



the VSWR falls below three as indicated by the charac- 
teristic 72, and this allows the antenna apparatus to 
have a widened frequency range. 

THIRD PREFERRED EMBODIMENT 

[0078] Fig. 6isaperspectiveviewshowingastructure 
of atop-loading monopole antenna apparatus according 
to the third preferred embodiment of the present inven- 
tion. The top-loading monopole antenna apparatus of 
the present preferred embodiment Is characterized in 
being different from the top-loading monopole antenna 
apparatus of the prior art shown in Fig. 39 at the follow- 
ing points. That is, a ring-shaped space 81 is formed at 
one end of the short-circuit conductor 13 on the side of 
the electrode 11 and its neighborhood portion, and the 
one end of the short-circuit conductor 13 is electrically 
connected with the electrode 11 through a reactive ele- 
ment 82. The other structure is similar to that of the prior 
art. 

[0079] In the antenna apparatus constituted as 
above, the resonance frequency Is changed by chang- 
ing the reactance value of the reactive element 82 pro- 
vided between the circular flat-plate-shaped electrode 
11 and the short-circuit conductor 13. By this operation, 
the impedance characteristic of Fig. 3A can be changed 
like, for example, the impedance characteristic of Fig. 
SB in a manner similar to that of the first preferred em- 
bodiment, so that impedance matching between the 
characteristic impedance of the coaxial cable 30 for 
feeding electric power or transmitting a RF signal and 
the input impedance of the antenna apparatus can be 
achieved. 

[0080] Fig. 7 is a perspective view showing a structure 
of a top-loading monopole antenna apparatus according 
to a first modified preferred embodiment of the third pre- 
ferred embodiment of the present invention. The top- 
loading monopole antenna apparatus of the first modi- 
fied preferred embodiment of the third preferred embod- 
iment is characterized in that the reactive element 82 is 
removed, as compared with the third preferred embod- 
iment of Fig. 6. In the ring-shaped space 81 , one end of 
the short-circuit conductor 13 and the electrode 11 are 
located apart: by a predetermined constant distance 
(hereinafter referred to as an isolation distance of the 
ring-shaped space 81), and the ring-shaped space 81 
operates as a capacitor by air between the one end of 
the short-circuit conductor 13 and the electrode 11. By 
changing the Isolation distance of the ring-shaped 
space 81 , the capacitance value of the capacitor of the 
ring-shaped space 81 substituting for the reactive ele- 
ment 82 can be changed, and the resonance frequency 
of the antenna apparatus can be changed. 
[0081 1 Fig. 8 is a perspective view showing a structure 
of atop-loading monopole antenna apparatus according 
to a second modified preferred embodiment of the third 
preferred embodiment of the present invention. The top- 
loading monopole antenna apparatus of the second 
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modified preferred embodiment is characterized in be- 
ing different from the top-ioading monopole antenna ap- 
paratus of the prior art shown in Fig. 39 at the following 
points. That is, a ring-shaped space 101 is formed at 
another end of the short-circuit conductor 13 on the side 
of the grounding conductor 1 4 and its neighborhood por- 
tion, and another end of the short-circuit conductor 13 
is electrically connected with the grounding conductor 
14 through a reactive element 102, The other structure 
is similar to that of the prior art. Therefore, the ring- 
shaped space 101 and the reactive element 1 02 of the 
second modified preferred embodiment are the replace- 
ment of the ring-shaped space 81 and the reactive ele- 
ment 82 formed at the electrode 1 1 of the third preferred 
embodiment of Fig. 6. so as to be located into the 
grounding conductor 14 side. The series-resonant 
equivalent circuits of them are identical to each other, 
and the second modified preferred embodiment has op- 
eration and advantageous effects similarto those of the 
third preferred embodiment. 

[0082] In the second modified preferred embodiment, 
ft Is acceptable to provide only the ring-shaped space 
1 01 without providing the reactive element 1 02 in a man- 
ner similar to that of the first modified preferred embod- 
iment. Inthis case, one end of the short-circuit conductor 
1 3 and the electrode 1 1 are located apart by a predeter- 
mined constant distance (hereinafter referred to as an 
isolation distance of the ring-shaped space 101), and 
the ring-shaped space 101 operates as a capacitor by 
air between the one end of the short-circuit conductor 
13 and the electrode 11 . By changing the isolation dis- 
tance of the ring-shaped space 101, the capacitance 
value of the capacitor of the ring-shaped space 81 sub- 
stituting for the reacth^e element 102 can be changed, 
and the resonance frequency of the antenna apparatus 
can be changed. 

FOURTH PREFERRED EMBODIMENT 

[0083] Rg. 9 is a perspective view showing a stmcture 
of a top-loading monopole antenna apparatus according 
to a fourth preferred embodiment of the present inven- 
tion. The top-loading monopole antenna apparatus of 
the present preferred embodiment is characterized in 
being different from the top-loading monopole antenna 
apparatus of the prior art shown In Rg. 39 at the follow- 
ing points. That is, a ring-shaped space 111 is formed 
at one end of the linear conductor element 1 2 on the 
side of the electrode 11 and its neighborhood portion, 
and the one end of the linear conductor element 12 is 
electrically connected with the electrode 11 through a 
reactive element 112. The other structure is similar to 
that of the prior art. 

[0084] In the antenna apparatus constituted as 
above, the resonance frequency is changed by chang- 
ing the reactance value of the reactive element 112 pro- 
vided between the circular flat-plate-shaped electrode 
11 and the linear conductor element 12. By this opera- 



. tion, the impedance characteristic of Rg. 3A can be 
changed like, for example, the impedance characteristic 
of Fig. 3B In a manner similar to that of the first and sec- 
ond preferred embodiments, so that impedance match - 
5 Ing between the characteristic impedance of the coaxial 
cable 30 for feeding electric power or transmitting a RF 
signal and the input impedance of the antenna appara- 
tus can be achieved. 

[0085] In the fourth preferred embodiment, when the 

10 reactive element 112 is a capacitor, the resonance fre- 
quency of the circuit that includes the element can be 
increased. However, when the reactive element 112 is 
an inductor, the resonance frequency of circuit that in- 
cludes the element can be reduced. 

^5 [0086] In the fourth preferred embodiment, when the 
reactive element 11 2 is constituted by comprising a ca- 
pacitor, the resonance frequency and the input imped* 
ance of the antenna apparatus can be controlled as de- 
scribed above by changing the capacitance value of the 

20 reactive element 112. According to experiments con- 
ducted by the present inventors, when, for example, the 
diameter of the circular flat-plate-shaped electrode 1 1 is 
set to 50 mm, the length in the longitudinal direction of 
the iinear conductor element 12 and the short-circuit 

25 conductor 1 3 is set to 1 0 mm an d the capacitance value 
of the reactive element 111 is set to 1 pF, then the res- 
onance frequency fL became about 800 MHz and the 
resonance frequency f^ became about 1080 MHz. 
[0087] Fig. 1 0 is a perspective view showing a struc- 

30 ture of a top-loading monopole antenna apparatus ac- 
cording to a modified preferred embodiment of the fourth 
preferred embodiment of the present invention. The top- 
loading monopole antenna apparatus of the first modi- 
fied prefen-ed embodiment of the fourth preferred em- 

35 bodlment is characterized in that the reactive element 
112 is removed, as compared wnth the fourth preferred 
embodiment of Rg. 9. In the ring-shaped space 111 , one 
end of the linear conductor element 1 2 and the electrode 

II are located apart by a predetermined constant dls- 
<o tance (hereinafter referred to as an isolation distance of 

the ring-shaped space 111), and the ring-shaped space 

I I I operates as a capacitor by air between the one end 
of the linear conductor element 1 2 and the electrode 1 1 . 
By changing the isolation distance of the ring-shaped 

^5 space 1 1 1 , th e capacitance value of the capacitor of the 
ring-shaped space 111 substituting for the reacthre ele- 
ment 11 2 can be changed, and the resonance frequency 
of the antenna apparatus can be changed. 

50 FIFTH PREFERRED EMBODIMENT 

[0088] Fig. 11 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to the fifth preferred embodiment of the present 
55 invention. The fifth preferred embodiment is a combina- 
tion of the structure of the third preferred embodiment 
and the structure of the fourth preferred embodiment. 
The antenna apparatus of the present prefened embod- 
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iment has a structure substantially similar to the struc- 
ture of the first preferred embodiment of Fig. 1 A, and is 
characterized in that the circular hole formed in the first 
prefenred embodiment Is replaced by the ring-shaped 
space 111 or 81 , a reactive element 112 is employed in 5 
place of the reactive element 31 , and a reactive element 
82 is employed in place of the reactive element 32. 
[0089] In the fifth preferred embodiment, when the re- 
active element 82 is constituted by comprising a capac- 
itor and the reactive element 1 1 2 is constituted by com- 
prising an Inductor, the resonance frequency and the in- 
put Impedance of the antenna apparatus can be con- 
trolled as described above by changing the reactance 
values of the reactive elements 82 and 112. Therefore, 
impedance matching can be achieved more accurately 
at a lower frequency in such a state that the length of 
the linear conductor element 12 is shortened and the 
diameter ofthe circular flat-plate-shaped electrode 11 is 
reduced. 

[0090] Fig. 12 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to a first modified preferred embodiment of the 
fifth preferred embodiment of the present Invention. The 
first modified preferred embodiment thereof is obtained 
by removing the reactive elements 82 and 112 from the 
structure of the fifth preferred embodiment in a manner 
similar to those of the structures of the first modified pre- 
ferred embodiment of the third preferred embodiment of 
Fig. 7 and the modified preferred embodiment of the 
fourth preferred embodiment of Fig. 10. The first modi- 
fied preferred embodiment thereof has thus operation 
and advantageous effects similar to those of these mod- 
ified preferred embodiments. 

[0091] Fig. 13 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to a second modified preferred embodiment of 
the fifth preferred embodiment of the present invention. 
In the present second modified preferred embodiment, 
the ring-shaped space 81 and the reactive element 82 
fonned at the electrode 11 mthe structure of the fifth 
preferred embodiment are formed at the grounding con- 
ductor 14, making these elements 81 and 82 serve as 
the ring-shaped space 1 01 and the reactive element 
102, in a manner similar to that of the second modified 
prefenred embodiment of the third preferred embodi- 
ment of Rg. 8. That is, tine ring-shaped space 101 is 
formed at another end of the short-circuit conductor 13 
on the side of the grounding conductor 14 and its neigh- 
borhood portion, and another end of the short-circuit 
conductor 13 is electrically connected with the ground- 
ing conductor 14 through the reactive element 102. The 
second modified preferred embodiment of the fifth pre- 
ferred embodiment thus has operation and advanta- 
geous effects similar to those of the second modified 
preferred embodiment of the third preferred embodi- 
ment of Fig. 8. 



SIXTH PREFERRED EMBODIMENT 

[0092] Fig. 14 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to the sixth preferred embodiment of the present 
invention. The sixth prefen-ed embodiment is character- 
ized in that a parasitic element 161 having a length 
shorter than the length of the linear conductor element 
1 2 and the short-circuit conductor 1 3 Is further provided 
upright on the grounding conductor 14 so as to be par- 
allel to the linear conductor element 12 and the short- 
circuit conductor 13 at a position on the grounding con- 
ductor 14, which passes on a virtual straight line 405 (as 
indicated by a dotted line in Fig. 14, and hereinafter re- 
ferred to as a straight line 405) extending from a straight 
line that connects the connecting location of the linear 
conductor element 12 with the connecting location of the 
short-circuit conductor 13 on the grounding conductor 
1 04, as compared with the structure of the fifth preferred 
embodiment. 

[0093] By providing the parasitic element 161 so as 
to be substantially parallel to the linear conductor ele- 
ment 12 and the short-circuit conductor 13, an electric 
field caused by an Induced current flowing in the para- 
sitic element 1 61 due to change of electronnagnetic field 
generated by excitation of the linear conductor element 
1 2 and the short-circuit conductor 1 3 is generated in the 
parasitic element 1 61 , and thus the input impedance of 
the antenna apparatus can be controlled- In this case, 
by changing a distance from the linear conductor ele- 
ment 12 to the parasitic element 161 and the length of 
the parasitic element 161, the input impedance of the 
antenna apparatus can be controlled. Therefore, ac- 
cording to the sixth preferred embodiment, there are ob- 
tained such unique operation and advantageous effects 
that the input impedance of the antenna apparatus can 
be controlled more simply. 

[0094] Fig. 15 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to a modified preferred embodiment of the sixth 
preferred embodiment of the present invention. The 
present modified preferred embodiment is character- 
ized in that two parasitic elements 1 61 are provided up- 
right symmetrically with respect to the linear conductor 
element 1 2 on the straight line 405 of the grounding con- 
ductor 14, as compared with the sixth preferred embod- 
iment. According to the modified preferred embodiment, 
there are obtained such unique operation and advanta- 
geous effects that the radiation directivity characteristic 
of the antenna apparatus can be made close to the cm- 
ni-directional characteristic by arranging a plurality of 
parasitic elements 161 symmetrically with respect to the 
linear conductor element 12. 



[0095] Fig. 16 is a perspective view showing a stmc- 
ture of a top-loading monopole antenna apparatus ac- 
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cording to the seventh preferred embodiment of the 
present invention. The seventh preferred embodiment 
is characterized in that another short-circuit control con- 
ductor 1 81 is further provided, as compared with the fifth 
preferred embodiment of Fig. 11. In this case, one end 
of another short-circuit control conductor 1 81 is electri- 
cally connected with the linear conductor element 12 at 
a connection point 12a in an Intemriediate position in the 
longitudinal direction of the linear conductor element 12, 
and another end of ^e short-circuit control conductor 
1 81 is electrically connected with the grounding conduc- 
tor 14 at a position where the conductor passes through 
the straight line 405 on the grounding conductor 14. 
[0096] In the present seventh preferred embodiment, 
by shifting the connection point 12a of the short-circuit 
control conductor 1 81 on the linear conductor element 
12, the Input impedance of the antenna apparatus can 
be controlled more finely, and the loss due to the imped- 
ance mismatching can be reduced. 
[0097] Rg. 17 IS a perspective view showing a struc- 
ture of a top-loadirK| monopole antenna apparatus ac- 
cording to a modified preferred embodiment of the sev- 
enth preferred embodiment of the present invention. 
The modified preferred embodiment is characterized in 
that another short-circuit control conductor 1 91 Is further 
provided, as conrrpared with the fifth preferred embodi- 
ment of Fig. 11 . In this case, one end of another short- 
circuit control conductor 191 is electrically connected 
with the short-circuit conductor 1 3 at a connection point 
13a in an Intemnediate position In the longitudinal direc- 
tion of the short-circuit conductor 13, and another end 
of the short-circuit control conductor 191 is electrically 
connected with the grounding conductor 14 at a position 
where the conductor passes through the straight line 
405 on the grounding conductor 14. 
[0098] In the modified preferred embodiment of the 
seventh prefen^ed embodiment, by shifting the connec- 
tion point 1 3a of the short-circuit control conductor 1 91 
on the short-circuit conductor 13, the resonance fre- 
quency fi_ of the first antenna element of the antenna 
apparatus can be changed. In this case, the connection 
point 1 3a of the short-circuit control conductor 1 91 and 
the short-circuit conductor 13 can be continuously 
changed, and therefore, the resonance frequencyf^ can 
be changed more finely. 

EIGHTH PREFERRED EMBODIMENT 

[0099] Fig. 1 B is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to the eighth preferred embodiment of the 
present invention. The eighth pretended embodiment is 
characterized In that there is further provided another 
circular flat-plate-shaped movable electrode 201 , which 
Is electrically connected with the circular flat-plate- 
shaped electrode 11 by being in contact with the rear 
surface of the electrode 11 and which is able to change 
the contact area thereof, as compared with thestructure 



of the fifth preferred embodiment. In this case, there is 
f omned a strip-sh aped rectangular hole 1 1 h that extends 
from the center thereof or its neighborhood portion to 
the outer edge portion of the electrode 11 thereof or its 

5 neighborhood portion, and a sliding knob 201 p having 
one end fixed into the movable electrode 201 is provided 
so as to protrude vertically from the top surface of the 
electrode 11 through the rectangular hole 11 h. 
[01 00] The sliding knob 201 p operates so as to make 

10 the movable electrode 201 be close contact with the 
electrode 11, and by sliding the movable electrode 201 
in a direction of arrow 20 1 a with the sliding knob 201 p 
moved in the longitudinal direction of the rectangular 
hole 11 h, the area of the movable electrode 201 protrud- 

^5 ing from the outer edge portion of the electrode 11 can 
be increased. By this operation, the effecth/e total area, 
which contributes to the radiation of the electrode 1 1 and 
the movable electrode 201 constituting the top-loading 
section of the antenna apparatus, can be increased, and 

20 then, the capacitance value of the top-loading section 
can be increased. That is. the total effective size of the 
circular fiat-plate-shaped electrodes 11 and 201 is 
changed, and therefore, the resonance frequency f^ of 
the first antenna element of the antenna apparatus can 

25 be changed. According to the eighth preferred embodi- 
ment, the resonance frequency of the antenna appara- 
tus can be mechanteally changed, and the operating 
bandwidth of the antenna apparatus can be increased. 
[0101] In the eighth preferred embodiment, the mov- 

30 able electrode 20 1 is provided for the fifth preferred em- 
bodiment. However, the present invention is not limited 
to this, and it is acceptable to provide the movable elec- 
trode 201 for the structure of any of the other preferred 
embodiments of the present invention. 

35 

NINTH PREFERRED EMBODIMENT 

[01 02] Fig. 1 9 IS a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 

40 cording to the ninth preferred embodiment of the present 
invention. The ninth prefen-ed embodiment is character- 
ized in that another short-circuit conductor 13f is further 
provided at a position symmetrical to the short-circuit 
conductor 13 with interposition of the linear conductor 

45 element 12, as compared with the structure of the fifth 
preferred embodiment of Fig. 11 . In this case, one end 
of the short-circuit conductor 1 3f Is located In the center 
of a ring-shaped space Bif fonmed at the electrode 11 
and electrically connected with the electrode 1 1 through 

so a reactive element 82f . Moreover, another end of the 
short-circuit conductor 13f is electrically connected with 
a position, which is located on the grounding conductor 
1 4 and through which the straight line 405 passes. 
[0103] By further providing the short-circuit conductor 

55 i3f with which the reactive element 82f is electrically 
connected as in the ninth pretended embodiment, anoth- 
er antenna element can be f omned by fomning another 
series resonance circuit, and then, the resonance fre- 
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quency of the antenna apparatus can be increased. 
With this arrangement, an antenna apparatus having a 
number of resonance frequencies can be provided. 

TEfMTH PREFERRED EIWBODIMEm" 

[0104] Fig. 20 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to the tenth preferred embodiment of the 
present invention. The tenth preferred embodiment is 
characterized in being different from the second modi- 
fied pretended embodiment of the third preferred embod- 
iment of Fig. 8 at the foliowing points. 

(1 ) A variable capacitance diode 221 is provided in 
place of the reactive element 1 02. 

(2) A voltage control circuit 222 for generating and 
applying a bias voltage to the variable capacitance 
diode 221 is formed by a circuit pattern formed on 
the grounding conductor 14 through a dielectric 
substrate (not shown). 

[0105] In the tenth preferred embodiment constituted 
as above, by changing the bias voltage applied from the 
voltage control circuit 222 to the variable capacitance 
diode 221 , the capacitance value (i.e., reactance value) 
of the variable capacitance diode can be changed. This 
allows the resonance frequency f^ of the second anten- 
na element of the antenna apparatus to be changed and 
allows the operating bandwidtii to be widened. 
[0106] The tenth preferred embodiment described 
above is provided with the variable capacitance diode 
221 in place of the reactive element 1 02 of the second 
modified preferred embodiment of the third preferred 
embodiment of Fig. 8. However, the present invention 
is not limited to this, and each of the reactive elements 
82 and 1 1 2 may be constituted by comprising a variable 
capacitance diode. 

[0107] Fig. 21 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to a modified preferred embodiment of the tenth 
prefen^ed embodiment of the present invention. The 
tenth preferred embodiment Is characterized in being 
different from the second modified preferred embodi- 
ment of the third preferred embodiment of Fig. 8 at the 
following points. 

(1 ) A switching diode 231 Is provided in place of the 
reactive element 102. 

(2) A voltage control circuit 232 for generating and 
applying a switching control voltage to the switching 
diode 231 is fonmed by a circuit pattern fonried on 
the grounding conductor 14 through a dielectric 
substrate (not shown). 

[0108] In the modified preferred embodiment of the 
tenth preferred embodiment constituted as above, the 
switching diode 231 can be turned on or off by changing 



the switching control voltage applied from the voltage 
control circuit 232 to the switching diode 231 , and this 
allows the resonance frequency fL of the second anten- 
na element of the antenna apparatus to be changed. 
5 Moreover, the voltage control circuit 232 can be consti- 
tuted more simply by employing the switching diode 
231. 

[0109] The modified preferred embodiment of the 
tenth preferred embodiment described above is provid- 

10 ed with the switching diode 231 in place of the reactive 
element 102 of the second modified preferred embodi- 
ment of the third preferred embodiment of Fig. 8. How- 
ever, the present invention is not limited to this, and each 
of the reactive elements 82 and 112 may be constituted 

15 by comprising a switching diode. 

ELEVENTH PREFERRED EMBODIMENT 

[01 1 0] Fig. 22 is a perspective view showing a struc- 

20 ture of a top-loading monopole antenna apparatus ac- 
cording to the eleventh preferred embodiment of the 
present Invention. The eleventh preferred embodiment 
is characterized in that a hollow hemispherical electrode 
241 (having a semicircular cross-section shape, includ- 

25 ing a curved shape) is provided in place of the circular 
flat-plate-shaped electrode 11, as compared with the 
fifth preferred embodiment of Fig. 11. 
[0111] As described above, in the fifth preferred em- 
bodiment, the resonance frequency of the top-loading 

30 monopole antenna apparatus is detemnined by the 
length of the linear conductor element 1 2 and the diam- 
eter of the circular flat-plate-shaped electrode 11 . The 
resonance frequency is changed particulariy by a length 
from one end of the linear conductor element 1 2 to the 

35 edge portion of the circular flat-plate-shaped electrode 
11 on the circular flat-plate-shaped electrode 11, and 
then, the resonance frequency can be reduced by in- 
creasing the above-mentioned length. 
[01 12] in the eleventh prefen-ed embodiment, by em- 

40 ploying the hemispherical electrode 241 , a projected ar- 
ea of the electrode 241 of the top-loading section on the 
grounding conductor 14 can be reduced further than 
when the electrode 11 is employed, and this allows the 
antenna apparatus to be reduced in size and weight, as 

45 compared with the fifth preferred embodiment 

[01 1 3] Fig. 23 is a longitudinal sectional view showing 
a stnjcture of a top-loading monopole antenna appara- 
tus according to a modified preferred embodiment of the 
eleventh preferred embodiment of the present inven- 

50 tion. The modified preferred embodiment of the eleventh 
preferred embodiment Is characterized In that an elec- 
trode 251 having a shape, which has a hollow hemi- 
spherical lower portion (having a semicircular cross- 
section shape, including a curved shape) swelled down- 

55 ward and curved in the cross-section from the outer 
edge portion of the hemisphere of the lower portion and 
extends so that the outer diameter of the electrode 251 
is larger than that of its lower portion is provided in place 
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^ of the hollow hemispherical electrode 241 , as compared 
with the eleventh preferred embodiment of Fig, 22. In 
the present modified preferred embodiment, a distance 

. from one end of the linear conductor element 1 2 to the 
edge portion of the electrode 251 can be made longer, 
as compared with the projected area of the electrode 
251 on the grounding conductor 14. That is, the reso- 
nance frequency can be reduced by increasing the dis- 
tance. 

TWELFTH PREFERRED EMBODIMENT 

[0114] Fig. 24 Is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to the twelfth prefen-ed embodiment of the 
present invention. The twelfth preferred embodiment Is 
a combination of the structure of the second preferred 
embodiment of Fig. 4 and the stmcture of the fifth pre- 
ferred embodiment of and Fig. 11 , and is cheiracterized 
in being different from the prior art of Rg. 39 at the fol- 
lowing points. 

(1 ) A ring-shaped space 1 1 1 and a reactive element 
1 1 2 are provided at one end of the linear conductor 
element 12. 

(2) A ring-shaped space 81 and a reactive element 
82 are provided at one end of the short-circuit con- 
ductor 13. 

(3) A parasitic element 261 is provided at a prede- 
tennined distance from the electrode 1 1 without be- 
ing in contact with the electrode so as to extend 
along the outer edge portion of the circular flat- 
plate-shaped electrode 11 so that predetermined 
electromagnetic field coupling is caused. 

[0115] In this case, one end of the parasitic element 
261 is electrically connected with the grounding conduc- 
tor 14, and the parasitic element 261 is then extended 
so as to be parallel to the linear conductor element 12. 
After the parasitic element 261 is bent partway in the 
length of the parasitic element 261 , it is extended by a 
predetermined length around the circumference of the 
electrode 1 1 along the outer edge portion of the circular 
flat-plate-shaped electrode 11. 

[0116] That is, the twelfth preferred embodiment is 
provided with the parasitic element 261 having one end 
short-circuited with the grounding conductor 14. There- 
fore, the parasitic element 261 functions as an antenna 
element due to an induced current flowing In the para- 
sitic element 261 due to change of electromagnetic field 
generated by excitation of the circular flat-plate-shaped 
electrode 11 as described above. It is preferable to set 
the resonance frequency of the parasitic element 261 to 
the frequency f1 of Fig. 5. Further, it is preferable to set 
the length of the portion extending along the circular flat- 
plate-shaped electrode 1 1 to 1/4 wavelength at this time. 
With the above-mentioned structure, a current distribu- 
tion on the parasitic element 261 becomes zero at the 



end of the portion not short-circuited and becomes max- 
imized a! a bent portion 261a. This is because, when 
the length of the parasitic element 261 extending along 
the electrode 1 1 is 1/4 wavelength, the length becomes 

5 the length of resonance at the resonance frequency of 
the antenna apparatus. Then, in the parasitic element 
261 , the intensity of the current flowing In the bent por- 
tion 261a becomes the maximum, and therefore, the 
maximum gain of the antenna element becomes the 

10 maximum. 

[01 17] Fig. 25 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to a first modified preferred embodiment of the 
twelfth prefen-ed embodiment of the present invention. 

IS The first modified preferred embodiment of the twelffri 
preferred embodiment is characterized In that a parasit- 
ic element 271 having a length of 1/2 wavelength and 
having both ends not short-circuited is provided in place 
of the parasitic element 261 having one end short- 

20 circuited, as compared with the twelfth preferred em- 
bodiment. In this case, the parasitic element 271 is sup- 
ported by a predetermined support member (not shown) 
made of an electrically insulating material so as to ex- 
tend along the outer edge portion of the electrode 1 1 . 

25 The parasitic element 271 functions as an antenna ele- 
ment with an induced current flowing in the parasitic el- 
ement 271 due to change of electromagnetic field gen- 
erated by excitation of the circular flat-plate-shaped 
electrode 1 1 . In a manner similar to that of the parasitic 

30 element 261 , the resonance frequency of the parasitic 
element 271 is designed so as to be the frequency f1 of 
Fig. 5. It is preferable to set the length of the parasitic 
element 271 to 1/2 wavelength. The reason for the 
above is that the current at both ends of the parasitic 

35 element 271 becomes zero since both ends of the par- 
asitic element 271 are opened, and the parasitic ele- 
ment 271 having a longitudinal length of ^/2 wavelength 
operates as a resonant element so that the current flow- 
ing in the center of the parasitic element 271 becomes 

40 maximized. 

[0118] The first modified preferred embodiment of the 
twelfth preferred embodiment is provided with one par- 
asitic element 271 . However, the present invention is not 
limited to this, and it is acceptable to provide a plurality 

45 of parasitic elements 271 along the outer edge portion 
of the electrode 1 1 . 

[0119] Fig. 26 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus ac- 
cording to a second modified preferred embodiment of 

50 the twelfth prefen-ed embodiment of the present inven- 
tion. The second modified preferred embodiment of the 
twelfth preferred embodiment is characterized in that 
there is further provided a parasitic element 261 f. which 
is other than the parasitic element 261 and which has a 

55 structure similar to that of the parasitic element 261 , as 
compared with the twelfth prefen-ed embodiment of Fig. 
24. As described above, by providing the plurality of par- 
asitic elements 261 and 261f. the radiation directivity 
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characteristic of the antenna apparatus can be made be 
close to the omni-directlonal characteristic. 

THIFUEENTH PREFERRED EMBODIMENT 

5 

[0120] Fig. 27 is a perspective view showing a struc- 
ture of a mobile connmunicatlon system according to the 
thirteenth preferred embodiment of the present inven- 
tion. The thirteenth preferred embodiment relates to a 
method for installing In a vehicle 290 a top-loading mo- io 
nopoie antenna apparatus 291, which is described in 
connection with the first through twelfth preferred em- 
bodiments and the modified preferred embodiments 
thereof and which is provided with the linear conductor 
element 1 2 and the short-circuit conductor 1 3, and also 
provides a mobile communication system including the 
antenna apparatus 291 . 

[0121] Referring to Fig. 27, the antenna apparatus 
291 is provided on an internal housing of the vehicle 290 
near a rear window 295 of the vehicle 290. In this case, 20 
a radio communication apparatus 293 is provided in the 
vehicle 290, and the radio communication apparatus 
293 is electrically connected with the antenna apparatus 
291 by way of a coaxial cable 292 for feeding electric 
power In this case, the short-circuit conductor 1 3 of the 25 
antenna apparatus 291 is placed so as to be located 
closer to the rear window 295 than the linear conductor 
element 12. 

[0122] in the antenna apparatus 291 of the preferred 
embodiment of the present invention, the size of the cir- so 
cular flat-plate-shaped electrode 11 can be reduced, as 
compared with the top-loading monopole antenna ap- 
paratus of the prior art, and therefore, the required size 
of the grounding conductor 14 can also be reduced. With 
this arrangement, the antenna apparatus 291 is suitable 35 
for installing the same antenna apparatus 291 in the ve- 
hicle 290. By placing the antenna apparatus 291 in the 
vehicle 290, the coaxial cable 292 for feeding electric 
power can also be shortened. This mal<es it possible to 
restrain the probability of mixture of vehicle noises due 40 
to the coaxial cable 292 for feeding electric power and 
restrain the deterioration of a high-frequency signal and 
a control signal. 

[0123] Furthermore, the antenna apparatus 291 of the 
preferred embodiment of the present invention has the 
short-circuit conductor 13, and therefore, the antenna 
apparatus 291 has the maximum gain in a direction to- 
ward the short-circuit conductor 13 when viewed from 
the linear conductor element 12. By directing this direc- 
tion having the maximum gain toward the side of the rear 50 
window 295 where there are few obstacles such as the 
metal edges of the window when viewed from the an- 
tenna apparatus 291 , a radiation beam of the radio wave 
can be directed toward the rear of the vehicle 290. 
[0124] Furthemiore, the antenna apparatus 291 of the 5S 
prefen-ed embodiment of the present Invention may be 
provided on the internal housing of the vehicle 290 near 
a front window 294. In the above case, the antenna ap- 



paratus 291 is provided so that the short-circuit conduc- 
tor 1 3 Is positioned on the side of the front window 294 
when viewed from the linear conductor element 1 2. With 
this arrangement, the radiation beam of the radio wave 
can be directed in the forward direction of the vehicle 
290. 

[0125] Fig. 28 is a perspective view showing a struc- 
ture of a mobile communication system according to a 
first modified preferred embodiment of the thirteenth 
preferred embodiment of the present invention. The first 
modified preferred embodiment of the thirteenth pre- 
ferred embodiment relates to a method for Installing two 
antenna apparatuses 291 in the vehicle 290, and is 
characterized in that a first antenna apparatus 291 is 
provided on the internal housing of a vehicle 290 in the 
vicinity of the front window 294 and a second antenna 
apparatus 291 is provided on the internal housing of the 
vehicle 290 in the vicinity of the rear window 295. 
[0126] Referring to Fig. 28, a radiation beam of the 
radio wave is formed in the fonward direction of the ve- 
hicle 290 by providing the first antenna apparatus 291 
with its short-circuit conductor 13 located on the side of 
the front window 294 when viewed from the linear con- 
ductor element 12, while a radiation beam of the radio 
wave Is fon-ned in the reanward direction of the vehicle 
290 by providing the second antenna apparatus 291 
having its short-circuit conductor 13 located on the side 
of the rear window 295 when vievi/ed from the linear con- 
ductor element 12. Since there are the two radiation 
beams in the forward and rearward directions of the ve- 
hicle 290, there can be obtained a directivity character- 
istic made be closer to the omni-directional characteris- 
tic than that of one radiation beam. 
[0127] In the first modified preferred embodiment of 
the thirteenth preferred embodiment, the two antenna 
apparatuses 291 are provided apart by a predetennined 
distance from each other, and therefore, a space diver- 
sity effect can be obtained by a difference in the distance 
between the antenna apparatuses 291 . Therefore, a fur- 
ther stabilized received signal can be obtained by se- 
lecting one received signal having a greater received 
signal strength among the two received signals received 
by the two antenna apparatuses 291 or subjecting the 
two received signals to the maximum ratio combining 
manner or the other manner similar thereto. By this op- 
eration, further stabilized reception radio communica- 
tions can be achieved. 

[0128] Fig, 29 is a perspective view showing a struc- 
ture of a top-loading monopole antenna apparatus in a 
mobile communication system according to a second 
modified preferred embodiment of the thirteenth pre- 
ferred embodiment of the present invention. The second 
modified preferred embodiment of the thirteenth pre- 
ferred embodiment relates to a method for inconspicu- 
ously providing the top-loading monopole antenna ap- 
paratus 291 of the above-mentioned preferred embod- 
iment on the inside of the vehicle 290, and it may be on 
the outside of the vehicle 290. 
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• [0129] Referring to Fig. 29, the antenna apparatus 
291 of the above-mentioned preferred embodiment is 
placed on the inside of a rectangular parallelepiped re- 
cess portion 311 formed on an internal housing 310 of 
the vehicle 290, and a radome 312 made of a predeter- 
mined dielectric material is provided on the opening of 
the recess portion 31 1 so as to cover the antenna ap- 
paratus 291 along the top surface of the internal housing 
310. 

[0130] Fig. 30 is a perspective view showing a struc- 
ture of a mobile communication system according to a 
third modified preferred embodiment of the thirteenth 
preferred embodiment of the present invention. The 
third modified preferred embodiment of the thirteenth 
preferred embodiment relates to a method for installing 
four antenna apparatuses 291 on the inside of the vehi- 
cle 290 and is characterized in that two first antenna ap- 
paratuses 291 are provided on the intemal housing of 
the vehicle 290 in the vicinity of the front window 294, 
and two second antenna apparatuses 291 are provided 
on the intemal housing of the vehicle 290 in the vicinity 
of the rear window 295. 

[0131] Referring to Rg. 30, a radiation beam of the 
radio wave is formed in the forward direction of the ve- 
hicle 290 by providing the first antenna apparatuses 291 
with their short-circuit conductors 1 3 located on the side 
of the front window 294 when viewed from the linear 
conductor element 12, while a radiation beam of the ra- 
dio wave is formed in the rearward direction of the ve- 
hicle 290 by providing the second antenna apparatuses 
291 with their short-circuit conductors 13 located on the 
side of the rear window 295 when viewed from the linear 
conductor element 12. Since there are two radiation 
beams in the forward and rearward directions of the ve- 
hicle 290, the directivity characteristic made be closer 
to the omni-directional characteristic than when there is 
one radiation beam can be obtained. 
[0132] According to the above-mentioned thirteenth 
preferred errtxMJlment and the modified prefen-ed em- 
bodiments thereof, it is possessed of the following 
unique advantageous effects. 

(1 ) As shown in the modified preferred embodiment 
of Rg. 28, the radiation beam can be directed in 
both of the directions not depending on the direction 
of movement of the vehicle 290. 

(2) As shown in the modified preferred embodiment 
of Fig. 29, the monopole antenna apparatus capa- 
ble of being inconspicuously provided can be pro- 
vided, 

(3) As shown in Figs. 27, 28 and 30, a low-profile 
monopole antenna a|)paratus suitable for installing 
the same in the vehicle 290 can be provided. 

[0133] The radio communication apparatus 293 
shown in Figs. 27, 28 and 30 may be provided with at 
least one of a radio receiver (this may be otherwise a 
radio receiver circuit) and a radio transmitter (this may 



be otherwise a radio transmitter circuit). 
[0134] Rg. 51 is a perspective view showing a struc- 
ture of a mobile communication system according to a 
fourth modified preferred embodiment of the thirteenth 
5 preferred embodiment of the present invention. In the 
mobile communication system of the fourth modified 
preferred embodiment of the thirteenth preferred em- 
bodiment, a top-loading monopole antenna apparatus 
291 a IS provided on the outside of the vehicle 290 in 
10 addition to the top-loading monopole antenna apparatus 
291 provided on the Inside of the vehicle 290, and the 
top-loading monopole antenna apparatus 291a Is elec- 
trically connected with the radio communication appa- 
ratus 293 through a coaxial cable 292a for feeding elec- 
ts trie power or transmitting a RF signal, as compared with 
the mobile communication system of Fig. 27. As shown 
in Fig. 27, the top-loading monopole antenna appara- 
tuses 291 and 291 a are provided on the inside and out- 
side of the vehicle 290. However, the present invention 
20 is not limited to this, and the antenna apparatuses may 
be provided on at least one of the inside and the outside 
of the vehicle 290. 

[0135] In the above-mentioned preferred embodi- 
ments and modified preferred embodiments, there is in- 

25 stalled in the vehicle 290, the top-loading monopole an- 
tenna apparatuses 291 and 291a, the radio communi- 
cation apparatus 293 and the mobile communication 
system including them. However, the present invention 
is not limited to this, and they may be installed on at least 

30 one of the inside and the outside of a ship 501 as shown 
in Fig. 52 showing afifth modified preferred embodiment 
of the thirteenth pretended embodiment. Further, they 
may be installed on at least one of the inside and the 
outside of an airplane 502 as shown in Fig. 53 showing 

35 a sixth modified preferred embodiment of the thirteenth 
preferred embodiment Furthermore, it is acceptable to 
install the top-loading monopole antenna apparatuses 
291 and 291a, the radio communication apparatus 293 
and the mobile communication system including them, 

40 in various kinds of mobiSe bodies other than vehicles, 
ships, boats, and airplanes. Furthenmore, It is accepta- 
ble to install the top-loading monopole antenna appara- 
tuses 291 and 291a, the radio communication appara- 
tus 293 and a "communication system" including them, 

45 in fixed buildings ortiie like other than the mobile bodies. 

FOURTEE^^^H preferred embodiment 

[0136] Fig. 45A is a schematic view of a top-loading 
50 monopole antenna apparatus according to the four- 
teenth preferred embodiment of the present Invention, 
and Fig. 45B Is a longitudinal sectional view showing 
mutually adjacent position between two electrodes 411 
and 41 2 of the top-loading monopole antenna apparatus 
55 of Fig. 45A. The top-loading monopole antenna appa- 
ratus of the fourteenth preferred embodiment has a 
structure similar to that of Figs. 42A and 428 described 
above. As shown in Fig. 45A, by making an electrode 
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- 412 Of a passive (non-RF-feeding) top-loading element 
be close to the neighborhood of an electrode 411 of an 
excited (RF-feedIng) top-loading element so that these 
elements 411 and 412 are electromagnetically coupled 
to each other, an antenna apparatus having two reso- 
nance frequencies F1 and F2 can be constituted. 
[0137] Referring to Fig. 45A, by adding the electrode 

411 to a tip of a radiator element 401 a of a linear feeding 
element excited by a signal source 400 of a radio trans- 
mitter so that the electrode 411 opposes to the ground- 
ing conductor surface and by adding the electrode 412 
to a tip of a wave director element 402a of a parasitic 
(passive) linear conductor element so that the electrode 

412 opposes to the grounding conductor surface, these 
electrodes 411 and 412 serve as top-loading elements. 
The tip of the radiator element 401 a rs electrically con- 
nected with an approximately center portion of the cir- 
cular electrode 411, and the tip of the wave director el- 
ement 402a is electrically connected with an approxi- 
mate center portion of the circular electrode 413. More- 
over, the end portion of the radiator element 401 a on the 
side of the signal source 400 of a radio transmitter be- 
comes a feeding point. In this case, the two electrodes 
41 1 and 41 2 are located spatially apart from each other, 
however, they are located close to each other so as to 
be electromagnetically coupled to each other. As shown 
in Fig. 45B, by changing the interval "S" in the vertical 
direction between the two electrodes 411 and 412 and 
the length "g" of the overlap portion in the horizontal di- 
rection of the electrodes 411 and 412, the electromag- 
netic coupling between the radiator element 401a and 
the wave director element 402a can be adjusted. 
[0138] The antenna apparatus of the fourteenth pre- 
ferred embodiment utilizes grounding to the earth. How- 
ever, the present invention is not limited to this, and the 
grounding conductor 14 having a finite size may be pro- 
vided In place of the grounding to the earth as shown in, 
for example. Fig. 1. 

[01 39] Fig. 46 Is a schematic view of a top- loading mo- 
nopoie antenna apparatus according to a first modified 
prefen-ed embodiment of the fourteenth preferred em- 
bodiment of the present invention. The top-loading mo- 
nopoie antenna apparatus of the first modified preferred 
embodiment of the fourteenth prefen-ed embodiment is 
characterized In that the reactive element 31 is inserted 
at the connection point between the tip of the radiator 
element 401 a and the electrode 411 , and the reactive 
element 32 is inserted at the connection point between 
the tip of the wave director element 402a and the elec- 
trode 412, as compared with the top-loading monopole 
antenna apparatus of Figs. 45A and 45B. With the 
above arrangement, the antenna apparatus of Fig. 46 
is allowed to have a size smaller than that of the antenna 
apparatus of Fig. 45A by virtue of a shortening effect of 
the reactive elements 31 and 32. 
[0140] In the first modified preferred embodiment of 
the fourteenth preferred embodiment of Fig. 46, the re- 
active elements 31 and 32 are electrically connected 



with both of the electrodes 411 and 412. respectively. 
However, the present invention Is not limited to this, and 
the reactive elements 31 and 32 may be electrically con- 
nected with at least one of the electrodes 411 and 412. . 

5 [0141] Rg. 47 is a schematic view of a top-loading mo- 
nopole antenna apparatus according to a second mod- 
ified preferred embodiment of the fourteenth preferred 
embodiment of the present invention. The top-loading 
monopole antenna apparatus of the second modified 

fo preferred embodiment of the fourteenth preferred em- 
bodiment is characterized in that a linear parasitic ele- 
ment 161, having a length shorter than that of the radi- 
ator element 401a, having the tip or one end opened 
and having another end grounded, is provided on the 

'5 opposite side of the wave director element 402a, so ttiat 
the longitudinal direction thereof becomes substantially 
parallel to the radiator element 401 a, as compared with 
the top-loading monopole antenna apparatus of Figs. 
45A and 45B. With the above arrangement, the input 

20 impedance at the feeding point of the radiator element 
401a can be changed, and Impedance matching at the 
feeding point can easily be performed. 
[0142] Fig.48 isaschematicviewof atop-loadingmo- 
nopole antenna apparatus according to a third modified 

25 preferred embodiment of the fourteenth preferred em- 
bodiment of the present invention. The top-loading mo- 
nopole antenna apparatus of the third modified pre- 
ferred embodiment of the fourteenth preferred embodi- 
ment is characterized in that a short-circuit control ele- 

30 ment 1 81 , having a tip or one end electrically connected 
with a predetermined intennediate position of the radi- 
ator element 401 a and having another end grounded, is 
provided on the opposite side of the wave director ele- 
ment 402a, as compared with the top-loading monopole 

55 antenna apparatus of Figs. 45A and 45B. The longitu- 
dinal direction of the short-circuit control element 181 
(excluding the bent portion electrically connected with 
the radiator element 401a) is set so as to be substan- 
tially parallel to the longitudinal direction of the radiator 

40 element 401a. With the above arrangement, the short- 
circuit control element 1 81 operates as, for example, a 
reflector, and is capable of controlling the directivity 
characteristic of the antenna apparatus. The number of 
the short-circuit control elements 181 is not limited to 

45 one, and further, it may be plural. As shown in Fig. 48, 
the parasitic element 1 61 of Fig. 47 may be further pro- 
vided. 

[0143] Rg. 49 isaschematicviewof a top-loading mo- 
nopole antenna apparatus according to a fourth modi- 

50 fied preferred embodiment of the fourteenth preferred 
embodiment of the present invention. The top-loading 
monopole antenna apparatus of the fourth modified pre- 
ferred embodiment of the fourteenth preferred embodi- 
ment is characterized in that a wave director element 

55 402aa, having a resonance frequency F3 (F3 F2, and 
F3 ^ F1), having one end provided with a circular elec- 
trode 412a and having another end grounded, is further 
provided at a position located on the side of the wave 
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director element 402a when viewed from the radiator el- 
ement 401 a, as compared with the top-loading monop- 
ole antenna apparatus of Figs. 45A and 45B. In this 
case, the electrode 411 is not only located close to the 
electrode 41 2 so as to be electromagnetically coupled 5 
with the electrode 41 2, but also located close to the elec- 
trode 41 2a so as to be electromagnetrcaiiy coupled with 
the electrode 412a. With the above arangement, the 
antenna apparatus having three resonance frequencies 
F1, F2 and F3 can be constituted. The number of the 
electrodes and the wave director elements placed close 
to the electrode 41 1 is not limited to two, and rt may be 
three or more. Moreover, the resonance frequencies F2 
and F3 may be set so that F2 = F3. 

THE OTHER MODIFIED PREFERRED 
EMBODIiVIENTS 

[0144] Figs. 50A, 50B, 50C and SOD are circuit dia- 
grams showing concrete first through fourth implemen- 
tal examples of the reactive elements 31 and 32 em- 
ployed in the above-mentioned preferred embodiments. 
That is, each of the reactive elements 31 and 32 may 
be constituted by comprising one capacitor C11 as 
shown in Rg. 50A. Each of the reactive elements 31 and 
32 may be constituted by comprising one inductor L11 
as shown in Fig. SOB. Furthennore, each of the reactive 
elements 31 and 32 may be constituted by comprising 
a parallel circuit of a capacitor C12 and an inductor L12 
as shown In Fig. 50C. Furthemnore, each of the reactive 
elements 31 and 32 may be constituted by comprising 
a series circuit of a capacitor CI 3 and an inductor LI 3 
as shown in Fig. SOD. 

IMPLEMENTAL EXAMPLES 

[0145] The measurement results of the impedance 
characteristic and the frequency characteristic of the 
VSWR measured with a prototype or original top-load- 
ing monopole antenna apparatus made by the present 
inventors will be described below. 
[01 46] Fig. 31 is a Smith chart showing an impedance 
characteristic of the top-loading monopole antenna ap- 
paratus of the prior art of Fig. 39, and Fig. 32 is a graph 
showing a frequency characteristic of the VSWR of the 
top-loading monopole antenna apparatus of the prior art 
of Rg. 39. These characteristics are obtained in the prior 
art shown in Fig. 39, when the diameter of the electrode 
1 1 is set to 50 mm, the diameter of the grounding con- 
ductor 1 4 is set to 70 mm, and the distance between the 
linear conductor element 12 and the short-circuit con- 
ductor 1 3 is set to 1 2 mm. As is apparent from Fig. 32, 
the operating bandwidth when the VSWR is equal to or 
smaller than three is 75 MHz, and the ratio of band there- 
of to the resonance frequency of 8B0 MHz shown in 
Figs. 31 and 32 is 8.4 %. Therefore, the antenna appa- 
ratus of the prior art has a comparatively nanrow oper- 
ating bandwidth. 



[01 47] Fig. 33 is a Smith chart showing an impedance 
characteristic of a top-loading monopole antenna ^pa- 
ratus according to a first implemental example corre- 
sponding to the structure of the first preferred embodi- 
ment of Rg. 1 A, and Rg. 34 is a graph showing a fre- 
quency characteristic of the VSWR of the top-loading 
monopole antenna apparatus of the first implemental 
example corresponding to the structure of the first pre- 
ferred embodiment of Rg. 1 A. These characteristics are 
obtained in the first preferred embodiment, when the di- 
ameter of the electrode 1 1 is set to 50 mm, the diameter 
of the grounding conductor 1 4 is set to 70 mm, the dis- 
tance between the linear conductor element 1 2 and the 
short-circuit conductor 13 is set to 12 mm, the reactive 
element 31 is a capacitor of 0.5 pF, and the reactive el- 
ement 32 is a capacitor of 0.5 pF. As is apparent from 
Fig. 34, the operating bandwidth when the VSWR is 
equal to or smaller than three is 260 MHz. and the ratio 
of band thereof to the resonance frequerKy of 11 00 MHz 
shown In Figs, 31 and 32 is 23.6 %. 
[01 48] Rg. 35 is a Smith chart showing an impedance 
characteristic of a top-ioading monopole antenna appa- 
ratus according to a second Implemental example cor- 
responding to the structure of the first preferred embod- 
iment of Fig. 1 A, and Rg. 36 is a graph showing a fre- 
quency characteristic of the VSWR of the top-loading 
monopole antenna apparatus of the second implemen- 
tal example corresponding to the structure of the first 
preferred embodiment of Fig. 1 A. These characteristics 
are obtained in the first preferred embodiment, when the 
diameter of the electrode 11 is set to 50 mm, the diam- 
eter of the grounding conductor 14 is set to 70 mm, the 
distance between the linear conductor element 1 2 and 
the short-circuit conductor 1 3 is set to 1 2 mm. the reac- 
tive element 31 is a capacitor of 0.5 pF. and the reactive 
element 32 is a capacitor of 1 0 pR As is apparent from 
Figs. 35 and 36, it is possessed of two resonance fre- 
quencies of a resonance frequency = 680 MHz and a 
resonance frequency f^ = 1200 MHz, and the operating 
bandwidth at each of the two resonance frequencies is 
comparatively wide. 

£01 49] Rg. 37 is a Smith chart showing an impedance 
characteristic of a top-loading monopole antenna appa- 
ratus according to a third implemental example corre- 
sponding to the structure of the first preferred embodi- 
ment of Rg. 1 A, and Rg. 38 is a graph showing a fre- 
quency characteristic of the VSWR of the top-loading 
monopole antenna apparatus of the third implemental 
example corresponding to the structure of the first pre- 
ferred embodiment of Fig. 1 A. These characteristics are 
obtained in the first preferred embodiment, when the di- 
ameter of the electrode 1 1 is set to 50 mm, the diameter 
of the grounding conductor 14 Is set to 70 mm, the dis- 
tance between the linear conductor element 12 and the 
short-circuit conductor 13 is set to 12 mm, the reactive 
element 31 is an inductor of 4.7 mH, and the reactive 
element 32 is an Inductor of 12 mH. As is apparent from 
Fig. 37, the operating bandwidth when the VSWR is 
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equal to or smaller than three is 200 MHz, and the ratio 
of band thereof to the resonance frequency of 880 MHz 
shown in Figs. 37 and 38 is 22.7 %. 

ADVANTAGEOUS EFFECTS OF PREFERRED 5 
EMBODIMENTS 

[0150] According to the present invention described 
in detail above, there is provided a top-loading monop- 
ole antenna apparatus including a grounding conductor, 
a top-loading electrode, a short-circuit conductor, and a 
linear conductor element. In this case, the top-loading 
electrode is provided so as to oppose to the grounding 
conductor, and the short-circuit conductor electrically 
connects the top-loading electrode through a first reac- 
tive element witti the grounding conductor, and/or the 
linear conductor element electrically connects the feed- 
ing point through a second reactive element with the top- 
loading electrode. 

[01 51] Accordingly, the present invention includes the 
following unique advantageous effects. 

(1) By providing the first and second reactive ele- 
ments and adjusting the respective reactance val- 
ues thereof, the antenna apparatus can be consti- 
tuted with a height lower than that of the prior art, 
and impedance matching can be achieved. 

(2) By providing the first and second reactive ele- 
ments and adjusting the respective reactance val- 
ues thereof, the antenna apparatus can be consti- 
tuted with a height lower than that of the prior art, 
and the size of the top-loading electrode can be pre- 
vented from increasing. 

(3) By providing the first and second reactive ele- 
ments and adjusting the respective reactance val- 
ues thereof, the antenna apparatus can be consti- 
tuted with a height lower than that of the prior art, 
and a wider bandwidth can be obtained. 

(4) By providing the first and second reactive ele- 
ments and adjusting the respective reactance val- 
ues thereof, there can be provided a top-loading 
monopole antenna apparatus, capable of being re- 
duced in size and weight, as compared with those 
of the prior art, and being suitable for installing the 
same antenna apparatus in a mobile body such as 
a vehicle, a ship, a boat, an airplane or the like. 

[0152] Moreover, according to another aspect of the 
present invention, a top-loading monopole antenna ap- 
paratus having a feeding point is provided with a first 
top-loading electrode, a linear feeding element, a sec- 
ond top-loading electrode, and a linear parasitic ele- 
ment. In this case, the first top-loading electrode is pro- 
vided so as to oppose to the grounding conductor, and 
the linear feeding element electrically connects the 
feeding point with the first electrode. The second elec- 
trode is provided so as to oppose to the grounding con- 
ductor, and the linear parasitic element electrically con- 



nects the feeding point with the second electrode. Then 
the first electrode and the second electrode are adja- 
cently provided so as to be electromagnetically coupled 
to each other. 

[0153] Accordingly, there can be provided the top- 
loading monopole antenna apparatus capable of being 
reduced in size and weight, as compared with those of 
the prior art, and having an extremely simple structure 
as well as a plurality of resonance frequencies. 
[0154] Although the present invention has been fully 
described In connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 
as included within the scope of the present invention as 
defined by the appended claims unless they depart 
therefrom. 



Claims 

1 . A top-loading monopole antenna apparatus having 
a feeding point, comprising: 

a grounding conductor; 

a top-loading electrode provided so as to op- 
pose to said grounding conductor; 
a linear conductor element for electrically con- 
necting the feeding point with said top-loading 
electrode; and 

a short-circurt conductor for electrically con- 
necting said top-loading electrode through a 
first reactive element. 

2. A top-loading monopole antenna apparatus having 
a feeding point, comprising: 

a grounding conductor; 

a top-loading electrode provided so as to op- 
pose to said grounding conductor; 
a linear conductor element for electrically con- 
necting the feeding point through a second re- 
active element with said top-loading eiectrode; 
and 

a short-circuit conductor for electrically con- 
necting said top-loading electrode with said 
grounding conductor. 

3. A top-loading monopole antenna apparatus having 
a feeding point, comprising: 

a grounding conductor; 

a top-loading electrode provided so as to op- 
pose to said grounding conductor; 
a short-circuit conductor for electrically con- 
necting said top-loading electrode through a 
first reactive element with said grounding con- 
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ductor, and 

a linear conductor element for electrically con- 
necting the feeding point through a second re- 
active element with said top-loading electrode. 

4. The top-loading monopote antenna apparatus as 
clainned in any one of claims 1 to 3, 

wherein said grounding conductor has a 
shape of circular flat plate. 

5. The top-loading monopole antenna apparatus as 
claimed in any one of claims 1 to 4, 

wherein said top-loading electrode has a 
shape of circular flat plate. 

6. The top-loading monopole antenna apparatus as 
claimed in any one of claims 1 to 5, further compris- 
ing: 

a movable further top-loading electrode mova- 
bty provided so as to change an etfectfve area 
of said top-loading electrode and said movable 
further top-loading electrode, said movable fur- 
ther top-loading electrode being electrically 
connected with said top-loading electrode. 

7. The top-loading monopole antenna apparatus as 
claimed in any one of claims 1 to 6, further compris- 
ing: 

a first short-circuit control conductor for electri- 
cally connecting an intermediate position locat- 
ed between both ends of said linear conductor 
element with said grounding conductor. 

8. The top-ioading monopole antenna apparatus as 
claimed in any one of claims 1 to 7, further compris- 
ing: 

a s^:ond short-circuit control conductor for 
electrically connecting an intermediate position 
located between both ends of said short-circuit 
conductor with said grounding conductor. 

9. The top-loading monopole antenna apparatus as 
claimed in any one of claims 1 to 8, further compris- 
ing: 

a first parasitic element provided so as to be 
parallel to said linear conductor element and 
said short-circuit conductor, said first parasitic 
element having one end electrically connected 
with said grounding conductor. 

10. The top-loading monopole antenna apparatus as 
claimed in any one of ciaims 1 to 8, further compris- 
ing: 



a plurality of first parasitic elements provided 
so as to be parallel to said linear conductor el- 
ement and said short-circuit conductor, each of 
said first parasitic elements having one end 
5 electrically connected with said grounding con- 

ductor. 

11. The top-loading monopole antenna apparatus as 
claimed in any one of claims 1 to 10, further com- 

10 prising: 

a second parasitic element provided at a posi- 
tion located apart by a predetennined distance 
from an outer edge portion of said top-loading 
15 electrode so that a part of said second parasitic 

elemerrt extends along the outer edge portion 
of said top-loading electrode, one end of said 
second parasitic element being electrically con- 
nected with said grounding conductor. 

20 

12. The top-loading monopole antenna apparatus as 
claimed In claim 1 1 , 

wherein the part of said second parasitic ele- 
ment along the outer edge portion of said top-load- 
25 ing electrode has a length of 1/4 wavelength at an 
operating center frequency of said top-loading mo- 
nopole antenna apparatus. 

13. The top-loading monopole antenna apparatus as 
30 claimed In any one of claims 1 to 10, further com- 
prising: 

a third parasitic element provided at a position 
located apart by a predetermined distance from 
35 an outer edge portion of said top-loading elec- 

trode so as to extend along the outer edge por- 
tion thereof, 

1 4. The top-ioading monopole antenna apparatus as 
40 claimed in claim 13, 

wherein said third parasitic element has a 
length of 1/2 wavelength at an operating center fre- 
quency of said top-loading monopole antenna ap- 
paratus. 

45 

15. The top-loading monopole antenna apparatus as 
claimed in any one of claims 11 to 14, further com- 
prising: 

50 at least one set of a set of said plurality of sec- 

ond parasitic elements and a set of said plural- 
ity of third parasitic elements. 

16. The top-loading monopole antenna apparatus as 
55 cialmed in any one of claims 1 to 15, 

wherein at least one of said first reactive ele- 
ment and said second reactive element Includes a 
variable capacitance diode, and 
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wherein said top-loading monopoie antenna 
apparatus further comprises a voltage control cir- 
cuit for generating and applying a bias voltage to 
said variable capacitance diode. 

17. The top-loading monopoie antenna apparatus as 
claimed in any one of claims 1 to 15, 

wherein at least one of said fir3t reactive ele- 
ment and said second reactive element includes a 
switching diode, and 

wherein said top-loading monopoie antenna 
apparatus further comprises a voltage control cir- 
cuit for generating and applying a bias voitage to 
said switching diode. 

18. The top-loading monopoie antenna apparatus as 
claimed in any one of claims 1 to 1 7 excluding claim 
5 and dependent claims on claim 5, 

wherein said top-ioading electrode has a 
shape having a curved cross-section. 

19. A communication system comprising: 

a radio receiver; and 

said top-loading monopoie antenna apparatus 
claimed in any one of claims 1 to 18, said top- 
loading monopoie antenna apparatus being 
electrically connected with said radio receiver 

20. A mobile communication system comprising: 

a radio receiver provided in a mobile body; and 
said top-loading monopoie antenna apparatus 
claimed in any one of claims 1 to 18, said top- 
loading monopoie antenna apparatus being 
provided on at least one of inside and outside 
of said mobile body and being electrically con- 
nected with said radio receiver. 

21. The mobile communication system as claimed In 
claim 20, 

wherein, when said top-loading monopoie an- 
tenna apparatus is provided in the vicinity of either 
one of a front window and a rear window of said 
mobile body, said top-loading monopoie antenna 
apparatus is provided so that the short-circuit con- 
ductor of said top-loading monopoie antenna appa- 
ratus is provided so as to get closer to the one of 
the front window and the rear window than said lin- 
ear conductor element. 

22. The mobile communication system as claimed In 
claim 20, comprising two of said top- loading mo- 
nopoie antenna apparatuses provided in the mobile 
body, 

wherein one of said top-loading monopoie an- 
tenna apparatuses is provided so that the short-cir- 
cuit conductor of said one monopoie antenna appa- 



ratus gets closer to said front window than said lin- 
ear conductor element, and another one of said top- 
loading monopoie antenna apparatus is provided 
so that the short-circuit conductor of another one of 
5 said top-loading monopoie antenna apparatus gets 
closer to said front window than said linear conduc- 
tor element. 

23. The mobile communication system as claimed in 
10 claim 20, comprising four of said top-loading mo- 
nopoie antenna apparatuses provided in the mobile 
body, 

wherein two of said top-loading monopoie an- 
tenna apparatuses are provided so that the short- 

15 circuit conductors of the two of monopoie antenna 
apparatuses get closer to said front window than 
said linear conductor elements, respectively, and 
the other two of said top-loading monopoie antenna 
apparatuses are provided so that the short-circuit 

20 conductors of the other two of said top-loading mo- 
nopoie antenna apparatuses get closer to said front 
window than said linear conductor elements, re- 
spectively. 

55 24. The mobile communication system as claimed In 
any one of claims 20 to 23, 

wherein a recess portion is formed in said mo- 
bile body, 

wherein said top-loading monopoie antenna 
30 apparatus is provided in said recess portion, and 
wherein an opening of said recess portion is 
covered with a radome. 

25. Atop-loading monopoie antenna apparatus having 
35 a feeding point, comprising: 

a first top- loading electrode provided so as to 
oppose to a grounding conductor; 
a linear feeding element for electrically con- 
^0 necting the feeding point with said first top- 

loading electrode; 

a second top- loading electrode provided so as 
to oppose to the grounding conductor; and 
a linear parasitic element for electrically con- 
^5 necting the feeding point with said second top- 

loading electrode, 

wherein said first top-loading electrode and 
said second top-loading electrode are provided ad- 
50 jacently so as to be electromagnetlcally coupled to 
each other. 

26. The top-loading monopoie antenna apparatus as 
claimed in claim 25. further comprising: 

55 

at least one reactive element inserted at at least 
one of a connection point between said linear 
parasitic element and said first top-loading 
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electrode and a connection point between said 
linear parasitic element and said second top- 
loading electrode. 

27. The top-loading monopole antenna apparatus as 
claimed In claim 25 or 26, further comprising: 

a parasitic element having one end opened and 
another end electrically connected with said 
grounding conductor. 

28. The top-loading monopole antenna apparatus as 
claimed in any one of dainr^ 25 to 27, further com- 
prising: 

a short-circuit control element having one end 
electrically connected with said linear parasitic 
element and another end electrically connected 
with said grounding conductor. 

29. The top-loading monopole antenna apparatus as 
claimed in any one of claims 25 to 28, further com- 
prising: 

at least one further second top-loading elec- 
trode provided so as to oppose to said ground- 
ing conductor, and 

at least one further linear parasitic element for 
electrically connecting the feeding point with 
said furtiier second top-loading electrode, 

wherein said first top-ioading electrode and 
said further second top-loading electrode are pro- 
vided adjacently so as to be efectromagneticalty 
coupled to each other. 

30. The top-loading monopole antenna apparatus as 
claimed in any one of claims consisting of claim 1 , 
claim 3, dependent claims on claim 1 and depend- 
ent claims on claim 3, 

wherein said first reactive element includes 
any one of the follovtring: 



(b) one inductor 

(c) a parallel ciRDUit of a capacitor and an induc- 
tor; Eind 

(d) a series circuit of a capacitor and an induc- 
5 tor. 

32. The top-loading monopole antenna apparatus as 
claimed in any one of claims consisting of claim 26 
and dependent claims on claim 26, 
10 wherein said reactive element includes any 

one of the follouring: 

(a) one capaciton 

(b) one Inducton 

15 (c) a parallel circuit of a capacitor and an induc- 

tor; and 

(d) a series circuit of a capacitor and an induc- 
tor. 

20 33. A communication system comprising: 
a radio receiver, and 

said top-loading monopole antenna apparatus 
claimed in any one of claims 25 to 29, said top- 
25 loading monopole antenna apparatus being 

electrically connected with said radio receive. 

34. A mobile communication system comprising: 

30 a radio receiver provided in a hnobile body; and 

said top-loading monopole antenna apparatus 
claimed in any one of claims 25 to 29, said top- 
loading monopole antenna apparatus being 
provided on at least one of inside and outside 

35 of said mobile body and being electricaJly con- 

nected with said radio receiver. 

35. The mobile communication system as claimed In 
any one of claims 20 to 24 and 34, 

40 wherein said mobile body is either one of a 

vehicle, a ship and an airplane. 



(a) one capadton 

(b) one Inductor; ^ 

(c) a parallel circuit of a capacitor and an induc- 
tor; and 

(d) a series circuit of a capacitor and an Induc- 
tor. 

50 

31. The top-loading monopole antenna apparatus as 
claimed in any one of claims consisting of claim 2, 
daim 3, dependent claims on claim 2 and depend- 
ent claims on claim 3, 

wherein said second reactive element in- 55 
dudes any one of following: 



(a) one capacitor; 
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